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i m s s e e s e s e 
91B8I1L B i l t t lB l i 
XndLa I s not only on* of the tirm countries In the 
<MOXld p£odtiieing itore thaiB • n i l i i on tonne of nao^aneMi ore 
p « r year# bttt elso on* of ttio prineipal »upplimr» of nangcRovo 
o r « to the mxia m%rkmt gnd psodueea 1«S8 n i l l l on tonms 
ef aanga^oso aurlfig tho 
M«iigcit*«o eras mxm i t i M y dlstrilnitod throughout 
Hie vaniBsiilar ragion of Xndia* The ehi« f Aii^sits* nhieh 
occur in the 8t«tfts of HahaTMititire* Madhya Pradaah* Oriasa* 
K«niataKa* Midhra 9radaah# Gujarat* Bihar and i^ajastliati* ara 
asaociatod nith the Prae«itbrltfs rocHa of India (Fig* 
if«xt to Madhya IPradoah 8tata« Oriaaa has tmm tho 
leading px^dtltear of naPtgan*** in Zndia during the past 
as ^a r s » nith «nnual psoduction of a^aout h ^ f a mil l ion 
tmiiiaa of rnwmmm or^a* The stata r«Aka f i r s t * «eooiintin9 
f e r oiver of the uliela country* s aitfi9an«M ore pradaetioii 
and pvadnead •44aii I l ion toimaa of mtfigaiinM during th« 
yaar i9ta«t l * In Oriaaa* tho manganoaa oro dipoaita occur 
M a f l y in four dist inct geographic areas «nd geological 
setting which ere as fol lowst (Fig* 2) 
1) The Bonal-JCeenJhar area in Sundargarh and Kaonjhar 
diatricta* aaaociatad with ahalc «nd lataritaa* 
• 2 -
afttr:Narayan swamy (I9et) 
FIO. 2 M A N G A N E S E ORE DEPOSITS 
OF ORISSA 
a) in Kor«}tit« Kalahantfi 
M m g i r d i s t r i c t s , aasoclstsd with th« Khondallts 
suit of x«eks of th* e « » t « n i Ghsts 
9} 8«ftb«!lpur « ! • «# 8«iiib«Xpur d l » tc ic t# asaoeiiited with 
I fttorttos and tho iMtwiodiAsiits* 
4) Oiiiigpur Stmdsrgash d i s t r i c t * aaaooiatod with 
Ooaditie coclui* 
Mors tlitfi 90% of Orisss* s naogoiiestt piodactlon cones 
fxosi ttis aE»nsi«X«oiijhar sros* sxtondlng froia the south la 
Boniii stib-divislon of 8imd«rg«Kh d i s t r i c t tdtreiigh north* 
tiestsm p « r t of Koonjhar d i s t r i c t wsXl into tlw bordsr of 
the Bihar State ( singhlihisa d i s t r i c t ) in the north end 
flieeflviring ipproicimatel.y 80 tat* in Xength «nd 23 tai« in tddth* 
fhe « r e « i s broedest e t i t s southern mA snd nerzows 
in width e t i t s northern e«id neer Jffide* Itie Iron ore 
group of rocks fomis en inportent Mining d i s t r i c t in the 
oottRtry* knowi e » the B»nei«ICeonjher«singhl)hun be l t , 
th is region i s f«iieus f o r i t s r ich ixon end mtfigenese ore 
dsposits* fhe present inrest iget loa were carr ied out 
arsund l a i b i l 7* t t l ^ t V ) which f o m s a per t of th is 
be l t . fhe stu^jr eree i e shaiyly bounded on the west by 
the •uniMlsIeni h i l l s «tid l ess ahaiply on the eaet by the 
^elairani«i*d6de h i l l s tfid to ^ e south i t i s bounded by the 
Hanbam«ehe»lelie Peher ranges* fhe sitfigeneee ore dspoeits 
- 4 • 
confined to th« chal* occturiag along th« 
iralX^y thtt hors«»sho« shup^a synellniil hmlt « f 
i fon tcmmUonm lying wlthlii 21* 4S* to 22* 12* II « i 4 
07* t t ! ^ 27* Zn sh^y* th« m«y b« l latwd to • 
constnctsd hor«e«>she* with i t s ii«rxoii«r «ii4 n« « r Jtfid«» 
111* piopoat«a investigation e«^neied out arounA 
Barbil <2i® 07* I 24* )f d i s t r i c t Keoiiih«r« Odsss 
(Tig, 3 ) . Ths « » i « l i « s in bctwssn North l a t , 23^ o« • 
22® 10* wad Rast longitude SSP 20* • 83^ 30* in north 
Orissa and i s included in the on« inch f^ographic shest 
No* 73 T/B of Surroy of India* 
j»csss to the arsai ' 
the arsa i s aocsssibia f dom Tatanagsr Railway station 
on the 8«t « Railways* ^t i s eas i ly ippxoachable both by 
ra i l end road* Barbil i s connected by ra i l with Tatansgar 
which i s 149 Isi from Barbil on the Rajl^aitsawan (Mida> Gam 
branch of the flouth $mmtmm Bailvay* nie area i s a so 
connected by load with Tatal»si9«r and ippioeehsble by 
Motor* Dulki area i s nearly 1 bn SB of Barbil and Fagua 
area i s also nearly 7 Na iC of Barbi^« 
Fhysiogr«>hieally« Orissa state i s d iv is ib le into 
• s « 
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FIG. 3 HTHOSTRAT>GRAiPH«C MAP AROUND BARBIL D>STT. KEONJHAR, OWSSA 
• • • 
four x»9ioii«* flMt m w ^ m ptm^rns tiw cwntrtSl f i v t r 
h9»i»0 nm l i i l l m^ ^ vomtttH 
plains* TiM iiiid»r ctttay i ^ e h f a l l s withiii tlHi 
nortlkm pt « t « t f i » mt unMaUng eawstry liirriiio a 
l^aiiaraai aia?* Cdou ttov^ to tti* ataa lia» « 
^Bpwm^y b«at te diaeribad at a M p l y Mss* * 
etaa platvam* iMitiprafi mm h i l i a uaiially iigva 
a l eyc r of aoi l mff^ ch i a M eulttvattd* nia 
ptaaaat topogriK^t^y hoiiovar* tiaan laffgtoly a^tasmiiiad 
toy the aatma of «tia foelta* omit^t ioR iia» tiaai^  msm 
or t «aa uaifoiM tlia oouatty. flie l iU la aro 
novt ly oovataa toy tiia A o t o r l ^ Ion ly ins « r « a » 
aso mdar aoU oovofw favnagiaoiis iftial* l a t i a l y 
ooeitra i a tha acoa and focna tiia s e l o r part of M 
fomatioBo* 
fHa Qanora draloaao tcaa« of ^ araa i a lM»wunSa 
•artlNHiaete «Im prtooipid rivova am tiia Kaie# tiia M A O 
nm Baltav«ift* KwUbra Oila n o « o batiNMO il»iial*iQ»ira 
m * M a afoa* fHa lioav#ivSa9 M i l raoffoa f o m a iMitari^ MMl 
ttia vftiraffa iiHtoli viaoa oo tt»a aorthava alapoa of tha 
aowtiMMni t i l l l aata f l o v aortHwartf Anm ttia v ^ l o y o o l l o » 
tvibatriaa f m «ha oa i t waat rtfi«oa* ttia 
Kaio vivar f l o w tliioito'^ tha i«H>Ia laogth of tlia ira&loy 
- 7 • 
and out at i t s northam end. Kundr« nalft f lows 
northward alAd eats thsoogh tha •sstsm raiigos nsar loiial* 
keira to Join the Baitar«fti r l vor , 
SUFFLFISS.1 
Orisstt has a typicoX monsoon eltmats with hic^ 
sunnsr teroper«tttr«s and hs«vy ra in f s l l * ^ climate 
i s dsllghtCul dttrin<7 the eold weat^r f r o§ i&hmt Wovmtmr 
to the middle of March, I t begins to wa*ra vp in the 
months o€ March ^ d j ^ r i l * In May and O t ^ the t«e^eratiire 
r ises up to about 40®C and the area remains f a i r l y dry* 
Occasional thundsrstrons during these months g ive some 
r e l i e f , Vhe average ra in fa l l in the h i l l y areas i s 
about C4' of tdiich 90% f a l l s between June i^d October, 
ytpmf y d Fi^fftt 
'Otm loca!. inh^tafats* mostly Itos i«id Kols are 
leeen himters* Mow due to the produetlon of iron itfnd 
mangtfiese ores in the area on a large scale* people 
fzsm BLhar* o^|«r«t west iMgal « i d Bastexn have 
migrated tfid sett led there« ind they h«ve now a mixed 
Cttltttre, But the original i n h ^ t c n t s (Kols and Mohs) 
fo l low their own ot l ture and did not ad^»t the cultiire 
• f others. 
There are awieroiis herds of Bison and Saiabhar in 
• 21 -
T H « SERANDA P L R F O R E S T « £ « • • E I « P H A N T S mf ptjtmn 
idthifi BdasI and KMoiiJhair i^aiith«r« and beam 
•TV ^ a o ccnoofi* Th* R«g>«iry« £oc « « t » eonsi « ts melnJly of 
(Shoswa xobU8t«)« «tilch i s Xargrcly eat and ussd m 
r« l l tr«y s le^aro* Btfiboe (l]liiidzoesl.«iius strietus)# 8«bai 
grass (Xsocha^on m u s U f o I i i m } and aipaar grass (Midropogon 
contortus) qxov in dMindtfoce in ^ e aat ly part of the cold 
vaather* 
LIFISASL B T F I M Z : « 
Hangaisese was f i r s t discovered in this region in 
I t 10-20 IWD, when Birds 6 Co« Iitdi and ^ata Iron & s t e ^ Co* 
X»td| e%Xored the area f o r rae^anese and icon ores* orisaa 
Minerai Deveiopement Co* tttd« under the m^nri^Uig agency 
of Birds & Co* X*tdf was the f i r s t concern to start manganese 
Mining in this area in i»21 a^d at that time the branch 
rai ivay Xine frosi Tatanagar to ^«ida was cesipieted and 
siibseqaMitly the rai iw« f l ine was Mctended i^^to Barbil 
f o r leading the ore* Later in I f ) 9 « Tata ^lon and steel 
Co* X'td* opened vp their siines in the « f f « « and during 
the l a t e r period of the second world war •arious eanpanies 
were e s t ^ i s h o d f o r mining the ores* 
Since then nore workings were opened to north and 
south of Walda and acoinid Joida* Due to the good guelity 
• 9 -
of th « o r « tfid with th« pxoJ«et«d railway Una ypto 
th« Barbil the Maich md niniiiQ of mggigmw w«s motm 
•4vanc«d in th « wiith diraetien. jif tar tha opaning of 
ttia Barbil aiding In 1927* laaaaa ware talcaa eat by othar 
privata 
At praaant the ragioa i a undar aetiva nining opara-
tiona by many ceapaniaa and 08on^ thoaa tha main conpaniaa 
ara, I*td« Riingta 4 Co.i Siralttddin & Co«i TSflCOi 
M*0*X*L* and acvarel other priirata co^>«i i «a* 
fha dipoaita around Barbil ara moatly the concam 
of 0*M*C« litd* Vha dtpoaita ara opened \xp by atarf«ca 
quarries at ah^low d«pth from tha aurf aca and no ayatvn* 
at ic or daf inita pattern ia anployed in mining the orea* 
HBong tha best quarries ara of 0«M*c« Ltd«« at Fagua» 
Dulki and Joda-waat of n s c o . 
There ara a l a rg « number of small working aagagsd 
in mining the talua ora fram tha h i l l alepaa* Tha wesk 
ia done in aactiona. r i r a t tha reeka and earthy matajrial 
ara ramorad «nd than the banehaa ara davalapad* Oanarally 
tha banehea are developed on the f aat wall aide S* thick 
tfid S* wide and the ora i s mined on tha hanging wall 
aide, Banehea are davalapad ayatamatieally ao aa to 
make the working atf a f o r tha workara* Tlia mined ora 
of a l l the gradaa ia draasad to 2 • 3 inehea in aisa« hand 
• 10 -
cobbed* cleaned and graded into d i f f e r en t grades by 
simple eye estimation and the ore I s hauled by trucks 
to BarbSl siding or Japnda i^ailvay station, 9here i s also 
a l i gh t irSn serving Tata's quarries at Joda 
with t^ose at Barbil» 
Description pf the deposits 
The manganese ores in the study area an^und Barbil 
occur in low-lyiutig» irregular shq;>ed h i l l s « often r is ing 
above a cultivated al luvial plains. The h i l l s are 
mostly covered with l a t e r i t i c so i l which i s often roangeni-
ferous. Mining i s not systenatic <aute to the irregular 
distribution of the ores. There are sever^tl an al l open 
Cast workings in the area but Facru^ and Dullcl quarries 
ezre the main open cast mines in the area* and these two 
quarries may be talcen as the rspresentatives of the entire 
area* 
faqua <iuarryt (Fig, 4) 
I t i s located nearly 5 KM, south-^aat <f Barbil 
and about 2 l&ns, nort^-east of Bhadraaal.* Zt is the 
biggest and largest quarry in the area* rock types 
associated with the oras are manganifexous shale« ferrugl* 
nous shale, chert* 1 atarite and l a t e r i t i c soil., chert 
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F»G 4 MAP OF FAGUA OPEN CAST MINE 
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which i s mostly nan9anif•xou9» i s exposed in the western 
side of the quarry* %ihereas the central part of the quarry 
i s ocoi|>ied by dark coloured nanganiferous shal«* On 
the southern and south-western sides of the <Warry the 
colour of the shale i s aonewhat brownish, l iaterite 
ipid l a t e r i t i c soi l are eaqposed on the northern benches* 
Hie manganese ore bands are e3Q>osed on the western 
and notthem walls of the quarry. The strike trends of 
the ore bands vary from 8-S to H 55® E-s 55® W. The 
of dip Vary from 20® to 70® towards west. At the 
niddle of the western wall ore bodfy i s found to be 
plunging at m angle of 48® towards north-west. 
Oulki quarryt (Fig, 5) 
Culki quarry i s located nearly a mile s)uth<*west 
of Barbil, Shale and napoganiferous l a t e r i t e are the 
main rock types associated with the ore* Shale was 
encountered at the central and western p« r ts of the quarry. 
In the northern side of the quarry f l o a t s of manganese 
ere are found in the form of mixture of am al l abounded to 
sub^rounded masses of hard ore with l a t e r i t i c so i l . ' Float 
ore boulders* often containing high grade manganese ore, 
are also found in the western and eastern sides of the 
quarry. Mainganese ore f ines are found on the southern 
« 13 • 
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of mmnfrn hmmtitm ma l«t«ritic mil 
#«« i i r m »viteiMr<»Mi and in thielnMiM ftem 
% «mt«r to M ftetstv* «triiM nangiiMiM w 
iMPi^ to In th« emtr^X m^ aertli wvfttMii of thm 
/mmnf ir«fft«s ftem 
lud tuo or dip v ^ o s f iQH so* to io* to«f«rao 
wtirttihwosl^ 
t ox l sma Bttiii 
aiaeo e%m»9iG norM o< rofaiov* li»li« (t909) on 
Hie e f 4ei»o«&t« of ^ mef« ib» i «n tocli 
<»f thi» mem inippttd for t!hm f i r s t tiwo 
b- Jtoneo* KiC* Clii4) dairltig thio none on the Sron Otm 
CMpoi^tt of iitior « i a o r l M « » L«t«r Krttfi»iiii» ii*s»(i9S7| 
•otiib&igiMid ^ •tr«ti9r«>hio ••qnoneoii in : x«oti|li«r 
fOQioM* flM otratitriphio tiiee^Mioii of tho rv^ioo « « » 
«o«iffio4 hu mm» <tt40) m& wmimu 
rowor (Si09) «on«ia»rwi thm iiao9«nM« e«»« ftm 
this atoo iMi«»r o apMial •iftM of *l««t«ritoi<S* ort • • 
tti» or* i s ««Miivo in f oM i s osssntislly Istoritio 
in sipeet, fuurtlisv Ks ftp* oit i ststsd th«t ths 
or* ooiisislMi of • otfvomotts wijcturo of ir«rious oiildss 
•f ifim ohisfiy hsrd liMonits* oeluo and soft 
* IS • 
h«natitii with »eaim aangancve ortts lilot l>yrolu9it«« 
cryptottAlan* «n<3 «r«d« H® (op e l t ) oonsiavrad that 
thcss ort have baan f o » « d by tha natasoiatic 
repltfimient of the country xock ueomp^Md by aagragative 
chan9«s and tha aiaagtfiaae must hava baan Htfcgi^y biought 
In by pracolating vat*ra» 
fll^ancar (1948} staadied tha manganese o n d^poidta 
of tha J«iid»»Ktoira irall«y# and aftar a datali«d atady 
of ^ a Aepoaita axound HaUda ha auggeatad that hj^bcot* 
haxiRsI aolution was raapoaalbOLe f o r the formation of th «M 
dM^aita* and oonaidarad tha ahdLe a« • iioutcca of the 
a^n^anvM* fhe f raqoant passage of ore at depth into 
badred black naiig«aif«coua ah«la or into forruginoua 
ahal.« eoBtaining iaolatad aodiaoa of exm 
aiipporta tha viaw hald by spancar* jiecording to hin 
(op* e i t ) » the tJtiaeince of ayngwiatic mangfdMaa a i l i cata 
aiMraX»« and of othar campoimds of aongaiHiM than tha 
ainpia dioxida pyxoltiaita* iadicataa that tliaaa Jtfida 
Valley bada h«va aae«ped aaxioua thamaX or sagionil 
«iat«N»sphiaBi. fan lt» ( l » S i } atudi^d tha inn faw— o m 
of thia ragion with fpaeial rofaranca to tha dapoftito 
at loaaikora* d ia t r io t Kaonjhar* or ia»a and daaeribad that 
tha or«a ar* eavamotia in taittura but as • rula thoy ara 
net c^l«p«nttnt oxmm tout mostly <c«s 
f omvd by th« lenehing « i l i c « eus tfid cliiywy n « t t « r 
in the oclQlnal l a t « r cnrichAd by •econdary 
i a t so^c t l on of manQtAtts* oc^s in aolutioa* H* eoasidtmd 
that tti« o r » Isodlev take m l n t e » e d l a t e place beti«e«n 
the Massive ' ree f * ores and ^ e * later i to id* ores of 
Fetmor* Frara the evidcnees of several test p i ta ««id tes* 
holes# Sett (op c i t ) concluded that the ores hnve beea 
derived from the patent tocK» wad# as a result of secondary 
chimges in the wad and replecoaent of rocks hf manganese 
in soliitioii* Finally he aosigaed the origin of these 
mi^anese ores to mspifttic waters e ject ing under sulaearin« 
conditions* 
fCrishnen <19S4) was of the opinion that these deposits 
vere the reslut of replacement processes* Basu N*K« (1963) 
rec lass i f i ed the ntfiganese ore deposits of India tfid 
•oBsidered f ^ s e deposits under thf^  sane class of Gonditie 
type of deposits and later in S9i9 he suggested the role 
of lateritisation processes in the fomation of these 
deposits* «oy 8* ( i9M) re^dassif ied these d^^sits 
as iipigenetlc type* Msy (I99S)« ^ has conducted « 
dsteiled liineregraphie study of the ngnganese ores txm 
the J«iida valley* reported that most of these Mssgsviese 
ores are cgmposed of psilcsielaiAS with sosie iiai>ganit«t« 
- I t • 
po l lan i t * anc"! jcwiinffchit** Tyxolvs l ts i s of eottr«« 
pMMiit ailMiidisiUy M • npliieall pxoduet of both 
paiicmttltfi* «nd aangnnittt, 
Iiigia«eff# B.B* <1956) studied the mrmtm^B* deposits 
of J«iida»Kioira Valley eiod considtred the fozmstion o€ these 
d q ^ s i t s « s a result of ce^ltfcsraent of the host lock 
<sh^ « ) tBsnofinese beixtog solution end the distribution 
of i^ ich was control led by the secondary structuresp 
m further indicated that the source of manganese ms the 
host rock (shale ) , having some in the foxm of 
03tidcs* Mzcording to him thr average Mn contents in 
the ore i s 49,78% and m / f rat io i s 4, 
Prasada Rao. G«fi,8« «Bd Kurthy« <S9S6) consi-
dered ^lese dieposits to have been formed a « a restilt 
of solution of ai«Dganese from the shal* fo l lowed by red is t -
ribution and coneentraticMs of siangasiese in the stone of 
•scidatioii* 
Nttkiieriee, S.and M Oi^ta* (1»40) studied 
tlM letoritoid wtfiganese ores of asMbay* Kaissthaii# Kamat-
•ka tfid Orissa tfid reported uAifomity in Mineral oesipo* 
sition of the ores a« pyiolusite and eryptssMlane were 
• I t • 
t o m e to hm t l i « i r ncia Mineral cei ist i t i i « f i t « tfid br^mlti* 
«8 • minoir on** 
una B«ge}ii« i l 9 U h stii4i«a 
t l i « 8iiii«ral.o0ir t i i « atfUg^iCM or« tiKountf 
d i s t r i c t X«oii|li«rt «iig9est«a « i » «rag«i i « t ic iMqotiie* of 
the ore nlnerale fo l lows i 
taafieohite (yoimgeet) 
Ffsolueitc tfid l>oli«: i lte 
Coiaeet} 
Mnrtnyt ma Ghoidi* (1971} l^e geologr 
the i t m oir» Gwmtp of xocke of BonaJUiCeMiili^ b e l t idti i 
ilpeciel r e f e s ^ c e to the eeeoeietea laisigenese ore Otpowitm, 
end ri|H»rtea the presenee of pysolneite* esyptomeleii** 
nenganite md hytfxoue ixon oic&ae it i i ier« lc in the ocee« ftiey 
• lao eeg^ested ^ e t n M t f i e e e wm» Imt/shm out txm «Ke fioet 
ehiA** the leeched oitt mtmtmm* mm egelii jredi|^eite« 
and eoeeeiitreted f len the e o l l o t M etate thxoii«h neteoffie 
wetMT in m oniAieiiig mtnwmmm% reeiatii ig in ^ e 
feiNietioR of iiorli«3»l« nanfftfioee A^^eite^, 
ifhe jrefion in generel the eeetem pert in p e r t i -
etaer h«e been etndied by Many norlcere in reeent yeere aueh 
ee Miehre* Cl9« lh Serker, S*!!.* tfid M e f <19#2, 
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1977). s«rk«r (1968, 1977) with flp«cl«l rmfmsmcm to thtt 
of thtt icon or» gxo^p* 
gugpos* of wrln 
pr«Mnt imr««tl9ation has been plfliinad 
r«vi«winQ car « fu l ly the previous work rolatlng to the geology 
of the raengtfiese ore depostte of the Keocijhar dilstrict* fhe 
purpose of t^e present work i s to iturestlgate t^e nature oC 
mineralieatioB of manganese ore arouna Barbil« Keonjhar d is t r i c t , 
Orissa state with a pert icular reference to the mo<3e of occ«irrence« 
mineralc^* texture and geocharaistry of manganese ores* 
Considerable attention has also been given to the l i thos t ra t i -
graphy* petrogr«i>hy and chemical nature of the host rock o£ 
the ore d^ost ts* 
MpthQdg Mi^ ffif ^ 
Investigation a were carried out broadly as followsi 
Field inveaUgation which ineltided the eonstmction of 
geologic^ sup was c o a s t e d in the two areas vis* VogfUa 
tfid Diilki on a scale ItSOO* k survey of various outcropping 
rock t]fpes of the study area was oondiieted end several 
traverses %fere taken to collect the desired s#qples along 
as well as across the general strike of the different litho 
units encountered* As far as possible fresh «pid unweath* 
ered sswplea of rocks were collected systentatically* 
• 20 -
n m p l ^ of th« host rock f>f the o f mxm 
eoil«et»a from th« ep«n ca«t Mines •ystini«t ic«l ly alonff 
jgnd the A f f e r e n t fatnehM* 
L e g a t o r y i n w t t q ^ t t e n e 
t* Pmpc^v^nh^c ffad, m f g g f f l p l ^ c 
p»trogr«>hic i i i i t «r«gr«»hic studies of the 
thin section of xoeka ena polished talooks of ores t«ere 
earriea out un^sr trtfasnit^ed snd re f lected l i g h t 
respectively* 
8yst(eff»at4c analyses of locTt snd ore a ^ l e a 
f o r the determination of major minor oxides the 
trece elements of thr ore were done by Atixnic j«t»soxptioa 
sipectrophotometer* 
Thirty s«iiq;>les of ores and fifteen s w l e s of host 
rock were «islyeed for the deteiMiination of M«jer and minor 
oxides ffid sone tr«ee e iesMts* fhm selected s«iples of 
reek and ore hgve been crushed and powdered to 100*400 
mesh siaie» using steel aortor* potcel^n end loete folates* 
and email quantities of e«ch tskenaftor eoinning 
and quartering for dlieeical analysis* The powder was 
dried in the oiren at lOO^C in order to eliminate the hydxoscopie 
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moistum* Vor d«t«aRiinlng thm naior ninor 
• alightly nodlfi«a pioee<Sur« of «n«ly«t«« •ngg^stntf by 
Sh^piso, U Braiinoelt* if«it» ( I f02} bMn fo l lovcd* 
ttOj ** Det«xmin«d by aolytodttnin blu« mcthed* 
Alj^') ** Det^mined by C«leium lAttaliiiwi « l l s « r in 
Complex method* 
TiO^ • Dtttcfmined on a y« l low colour pxodueed vith Tixon* 
lRot«l i ion detomined o » the Oraiig««eolour 
developed idth Orthophenanthcollee* 
HtaO « petemlned on the pink a»lour of pem«i)geiiate« 
Cbmplesc developed by oxidation vith potasslun 
peridate, 
PjOg • tJeteimlned by yellow laolytodDiraaadopheiphorie 
(Vaaadora^ybdate) «c id ooai^ Xeac* 
All the fljaove mentioned oxides m m detexmined at different 
wave lengtha on the m»»2 ultra voliate ipeetrophotcxaeter* 
CaO and m^o were detenined by titration «&th veraene(fiDTA) 
aolvtion ii8iii9 eriehsvn blaiek T as m indicator and the 
•ethod proposed by siaha Clt73) was followed* 
Ma^ O md K^e were detemiified by fltfie photanetry using 
the *IEX.* tlmm Miotasieter ( k dilvtioA series of the 
XnoMi strenvth was prepared of ASX • 10K in ooncentration 
Loss of ignitioii IH^O )^ of the s«iples was dstexHiined 
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by heatlug of th« mtfi^ lm powd«r in « tub« « t about 
•olution f o r the dstoniiiiatioa of troec Cii« 
Pb* M* Co* Sr* Cr« V* NO pnpar«4 by disnolirliKI 
t «o gxtfikB of 0«iipie powdor in 20 nl* St I tmd ailutli ig 
i t to 100 nl « i th a i o t i l i od i f « t «r « Iho tttf ie « l «B«nto mrm 
dotominoa using Atomic i9e>aozption ijpoctxophotemetor 
(Modnlt Vari«a AA • D), 
yf ^ f wl^ 
t^tmt th« ehamical th« data were f « d to 
I»B«H* Computer VaXDZOXTM. 170} f o r calcuiaUon of tbe 
correlation ooe f f i c iont b«twt«n tha varioua major* and 
tra^o olament* 9tia analytical raaulta are presented in 
d i f ferent ta^ea* Al l the tfrailiJble data were atandardiaed 
ageinat tf*S*<3«$* atandarda KR l f » i and S»ir«*U Vo 
avoid any error in the deteminationa d o i ^ e and t r ip le 
rune were made talcing d i f ferent aenplea from the a«iie 
q^eciMon powAera* Reek atandarda i«ere also analyeed to 
cheek the piobable erior* 
the Major osiidea (q^eeially which axe present 
in high concentration were detewined after diluting 
the aolution to 20 to SO tinea of the prepared solutions, 
m, mA wm were re^aleulated fion NnO and Wm^Oy 
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th« author takes octtat pic«sur« in •xpraaaiiHT hia 
4mp ot yratituda ana ^mlcEttlaaaa to Pit>f« Rasul 
<Aetd«) Ex-ChalmaB* o^artnent of Geology* Alloaieh Maalim 
University* jaigaxfw at idhose auggeatlon the preMmt research 
topic was undart^an and under whose ahle guidance the 
work has been dbne and cooq^ietad* He ia aI«o than)c£ul 
to Fzof* v*K« srivastgta* ChaimaUt iMpartment of GeoIogr« 
jaigai^ Mualiti tteiverslty, Migach f o r hie ancouragasient 
in eourae of thia norlu 
Xt i s a pleasure to aelenoid«dge Kr» Noman Ohani* Reader 
in the Depextraent f o r hia conatant oncooragcment in course 
of thia investigation* sincere thanks are due to iteaders, 
8.H* Zaraili* Nr. ZgbaXuddin and Dr» 8«Ja» BhardairaJ# end 
t«ecturera Mr, M«H*a» Sajid^ Dr, K,K« Ohauri* Dr, M. Rasa» 
Dr« iNijWK* Rao for their valuable auggeationa* ^ e author 
aiso ejqpreaaea his thanks to fiessers Dir. ft* At JOchunii* 
Sanrar Raie* 8iddigi« Misari* Verve* Qadri* Riyas 
Mas^ir Hussein* Sh^id Aeaeareh •cholera 
Oapartnant «f Oaology* lAigarh tfualln Oniveraity* Aigarh 
for their geodiiiil, fhe author ia frateCul to the General 
Nanagnr* Oriaaa Mining Coiporation Ltd, for griiiting penaission 
#id pcoviding neceaaary f acilitiea during f ie ld work ia 
the area of atady* 
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for the coopttratieny and to th« iiitiBaigr«r of Fagita and oiillei 
Maiigaii*a« min«s f o r th « i r ccN^aration daring the nork. 
Th« author la grateful to the Sircctor, ^adla XBstitiite of 
Klnal«ar«ii <3eeXo9y* Oehradon f o r providing eaeeellwftt f a c i l i t i e s 
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of the Institute^ He ia al io thankful to the Zncharge« 
of tha Geochcroical Lab* of if*X«ll»0« and also to Or, H*S« Kathi 
arid his colleguea £or their h«ip and guidance during the 
analytical wor^ at Oehradim* 
Utianlcs are aleo due to Cr* Ygssooh Ali# liecturer* 
Department of Stet iat ics f o r extending help in cocimuter 
progrwtming «nd d«ta processing* The author i s grateful 
to Prof« A * F « Utaani end his ft fsi ly* T}r« 8h«i8i (C*m*0«} 
and nohd* Faxooq (a»C») P*tf«P* f o r their constant eneouragenent 
and moral support* The «athor i s also thwikful to his 
friends f^S S«M*fl* Oadri* Kliusluieod M i Kh«n# fiaran ittvnad* 
Masiliir Hassain, Kishat A m * Maseen Sabih wid 
Riswan JihKad f o r their cooperation • Tha author i s dLso 
thinletul to Mr* ffoonis i«Mad Khan f o r typing the theais« 
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hwmt tMt not th« the matimr to 
gvali ttiis opportunity to «e)taoido4g« th* fa&oasiBOs 
•Hd crdndt«Bt iiiaplr«tion c«e«iir«« fiom lit* p«K«at« 
NT* tfia Kn, HaJi iDnatf mc tXl otNir M b w r * of 
thr f tfiiiy» 
Chipt«r « 11 
fffwia. m i H f w ^ ^ y 
Hi* l ithe<»«trfttigr«>hie«i atvisloos pr«s«nt«d in 
this w>rh have hmn rsferred to auper Gxot^o* Oxotips 
«aa Pormations in p]iac« of the traditional t « » n « *Bfatm* 
*S«ric;9* •stagea* in afccordmca with 
the current ncRHHMSiature^  (Coda of Stratigrn^hie Monene* 
iature of India* Hiac* 9ttb«« Ho*20# 1977)* Tho 
soath singhbhum region ia rapreaentad l»]r a giot^ of 
imfoaailiferotta* pal i t ic^ pasamitic i^jd paanofpelitic xocka* 
During the f i e l d inveatigationa f o r the Icon Orea of 
SinghJt^ um Oriaaa* Paraona# and Joma, used the 
t em ' I ron ore serlea' f o r the rocka younger than tha 
*DharwaraM6«« I^bnea* 1934). f i na l l y * .^nea (1934) m«f>p«d 
the are« and eatabliahed the folIov;ing auceeasion ia south 
Singhbhun KeonJhaxwBonai (Table t ) « 
Kriahntfi (1930) aatiOsliehad a eliBiiar atrat igra» 
phi « aequaneaa f o r the fosnation of Kaoniliar region 
(VMm ZZ)» 
Fereival tfid %>c«ieQr (t940)« %iho cr i t i e iaed the 





£ H « R W « R ) 
Older 
Eharwar 
llBtfer do ler l t * 
iatr« basic tnoeks 
qpper shale with levas and ash beds 
Btftded homatlte quartsite with iron ore bodies 
X^ ower shale with oceasional thin s^ndstcme 
sitid calcareous b«iad* 
Ziiffiestone (at pieces) 
Piizple pandittoBe m^ conglemerate 
- « unconffooaity 
OXder Ketaa^oxphics «> quartseite* quarts mica# 




Y ^ O > S L 
XSc^erite (es intrusive sheets end dykes) 
Kruptive contect 
Oraaite and gramite gneiss ( intrusive) 
Er«|;»tive ewit «et 
Purple shale (l|H»er} 
Banded hamatite quartsito «fith icon ore 
Furple shals (Inwsr) 
PttKiple sandstone vith bands of confplonerate 
Hsmbiends and siica schists 
• a t • 
succeasion f o r the rocics of Kaoajjhttr 
4* Shaile end f lovs* with eonaoctftd intxu« iv « aolerittts* 
3* Sandetope ana conglomerate with intecftiAtted shaly 
esli beds &ne Ifi^a 
unconfoxmity -
Banded heoiatlte • quartxltes and Iron ores* 
t « Shale appears to be largely ash beds# 
conn (t940) esteblished « mu siiecesslon with the 
recogxtition of a new gxnoup of rocks cal led 'K&Xhtga Grot«>* 
lying uneonfoma^ly ever the Iron ore oroiip* Hb estahlished 
« 
the following succession with the introduction of the Kolhitfi 
in South singhtahiia* 
Cuddaf?ah ter t iary g r i t 






» • uBCoafoisRity 
SisgitbhUH g r i ^ t a 
xcvm Ore p^y l l i te and ttiCf 
Of»tip Btfided henat l te -^ar ts i te 
liSVS 
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i f l « r « (1961) ttaittJE>llsh«a the fol lowing •trat lgr fphlc 
ifOceession in th« northom ports of Koonjhar Distr ict 
•round Jo do. 
(Siiaaepdti 8ower M e r i t a 
Kolhao <7oi^er congiomoroto 
X.oter Chorwar singblAnsn grASito 
Iron Oro hemotito jo iner with iron ore 
(ms^^r Ohorwars) l*«vo tuff with dolor i te dykes 
Bos^ s^dstonea tfith conglCRierato b«nda 
Odder Mico »chi « ts « quortc nchiots* sor ic i te 
Eharwara schists ana onphibolitea 
Iron Ore Orour? of Slnghbhisn ri^ion coneists 
of a lower Chaibasa Formation on the northern side of the 
copoer bolt thrust sone and an t|>r>er Iron Fonoation eacoun* 
tered on either side of the thruet aone (XJmiii and 
1942)• The Coiner beat thruet lone divides the 
low grade itet«»orohic rocks of the south from the high 
grade aetaeoipliic cocks of the north (Vaha« X« 1965)« 
8ark«r« Si^a md i t t l l e r . a* a. (S9i9) have given the 
fol lowing stratigraphic siiceessioB* on the basis of structural 
offid stratigr«>hie studies st^ndlenented by 47 I U a t oge 
data* in parts the region | T«MLo XXS>» 
X I L ^ . J M 
South of Cepp«r bo l t thcust* mom in Singhbhun* 
n* M«y«st)hiiij and W* Kooajhor* 
Sod d siaghbhuBfi ezogonie cycle (< 
( c . eso it*3r.) 
vimtmr l iolorlto 
Kolhm Gxovip i C, 1900 « l€00 ra,y* ) 
difli i jori fomat io j i 
uEicoaifoianity 
End Xron ©ce Omg^nic cycle - - . - • - • H k f * 
( C. 2700 la.y. ) 
singhtohum Greptiito 
B^idlorito (Xntrusive) 
t|)per ohaloo tfith sandstone tfid v o l c ^ l c e 
Banded Honatite Jaapor 
Xioa ^vmr ahaios 
Orm Basle l «vas 
Sandstone ft Conglenorate 
tnd of older Metafnozpblc Oroyenlc cycle 
i C, 9100 i i ,y . ) 
GranlUc act iv i ty 
Basic Intruslves 
OXdBr '*ettfnoei>hlc Qwi^ 
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Recognition o£ th « 01di«r Hettf»or-)hic Group in 
south Singhbhiia ana K«oiiih«r fima has been based mainly 
on their higher of aiet«tnoi:r>hi»i thati th « l »on Ore 
Gsoup of tocko* tA i^c*^  ere ract^Rorpbaeed only v^to green-
achiat fac iea (Sarkar ana Saha« 1977), in the atufly area 
however there i e no each Dlder Metiyncnbic Croi^ p In iSirect 
contact v l th Iron of rocks, Kurthy ana Ghose 
(S9t l ) establiahed the fo l lowing succeasioR In eonthcm 
moct ^art of the horse«shoe ahqped syncllnofiiin of 
Jones (1934) while working or the maiigaRBae ore deposits 
of the Sarlsunda Val ley area and the author agrees with 
the succession est^tilished by mrthy and Chose (1971) 
(Table I V ) , 
Chatterje, e t al* (1971) have grov^ed the 
fonoation of the area under study tdth the Pr«N»Riphean Su^er 
dividing thp PrccaPOibritfi rocks of India into two 
Super Gzou>8 v i s , The Riphe«n and Pre»Riphe«ii, Rocks 
Older thtfi 1400 m,y. are described as Pre-Ripheen and 
those having age between 600 to 1400 m.y. are considered 
as Riphees. 
* 91 «> 
Ititterit* 




(Shaltt chert re«iii3«r viuri^atvd nt 
j j ^ Oc« Slack member) 
Gcovi^  aani2«t3 zron loxmafUon hematite 
tJ9vtx toxaaUoii P i i rae 
Bneic 
not 8f»cii 
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Kigtoail i t t m s t w 
gsn^ral structure ot the Zcoa ore Oxot^ In 
th* Southern pert the X«ofi Ore ax«« in en eeinmetrieel 
BTOcliDorluRi pitching totresae north* itie weetem em 
of thle syneiinoriun i e e l ight iy over^folded end dips «|Jout 
70^ toveraa weet i ^ i l e the eetttem e » hee e general dip 
of ahout 49^ in neeteciy direction end the etructure 
i s l ike e lioree-ehoe eynclinoriin (^nee» 1934}* 
txmn (1940) eloo held the view that the etructure 
we8 eeeentiel ly entici inel end he geve eeverel possible 
sections elong the Tel ley eree* faxm also steted thet 
i f the strvKiture was e geosyncline then the secjuence of the 
eastern limb %iould be nomel end i f i t i s geowtic l ine* 
the sequMRce shc»ild be inverted* engineer (1956) supported 
the view of aoo*s thet the structure i s a synclinoriun as 
sandstone conpaieted to quartsite i s one of the lowest 
member of the Zron ore which dips westward «nd the 
right side 19* 
Sarkar tfid Si^e (1942, 1941) are iX so of the opinion 
that the regioniA structure i s a synclinoriun plunging at 
a l ov tfigle towards MMI «nd overtumed towards tc« fhe 
structure was confined by Murthy and MCharya (1975) 
studied the structure of the Xoire-Kmdadiiar region 
. 34 * 
including the closure region of this synclinoriun, 
Murthy and Ghose <1971) based on detail structural 
al^alysls in the closure region in Sarkunda Valley o€ Iron 
Ore Oroi^ synclinodum found the structure to be alow 
north - plicnging syncline s l ight ly overturned to east* 
Geological Set^yp 
General Stfttementi 
Orissa state, which constitutes a part of the 
north<-eastem extension of the Paninsular Shield i s by 
an<3 large underlain by the rocks of Precambrian age* In 
the study area that covers a part of the South Singhli^ um 
region* several Prec«Dbrian l i tho log ica l units were 
encountered* They are rep respited by the rocKs of d i f ferent 
faPies re f lect ing the wid^y varying tactonic environment 
in which they were deposited and/or aaplaced. The tectono-
aedlimentary environment ranges from l i t t l e d i f ferent iated 
( tectonical ly ) pexoiobile stag* to well d i f ferent iated platfosM 
geosynclinal condition (G,S.I* R ^ o r t Mlsc, Pub, lle*3e» 1974). 
The structural pattern of the area appears complex due to 
various orogenic phases which the region has suffered 
(SarXar and Saiha, 1962| Naha, 1965; 8aha« 1970)« 
« ss • 
B s a t e i l telsax-i 
Ttm Prvctfibri^ roclcs of Slnghbhum region §xm nwlt^ 
kaonn for tholr complex atratigriphy and tectonic 
mo rocks occ«9>ying the region consists of a grouqp 
of netassdiisents* n«taJ:>ssies ultri^asics* 
knemi as the iron ors Gfovi^  of rocks* Xttcludiid in i t ar« 
metassdiiiisnts of Binghbhm district, vhich ars now 
considered as a much younger group (Slnghbhum Group) by 
Sarkar and Saba (1962), 
The Precwbrian fozmations of this region are separated 
into two distinct groitp of socks by the arcuate, 200 In* 
long copper belt thrust sone (Sarkar tfid Saha# $962, 1963}* . 
South of this thrust aoiie l ies the rocks belonging to Xxon 
ore Erogenic cycle which consists of low grade metasediraents, 
net#nolcallies and »a f ic intrusions CSaha« 19t2)^ BJorth 
ef this thrust sone l ies a aequsnce of Mostly high grade 
sietasediment a^d netabasic rocks of 8iiighb*iiai Orogenic 
cycle (Sarkar md 8ah« 197t}» Vhe rocks on either side 
of the thrust sons wore alao iffeeted within th« tine period 
S300 M*Y« - ISO N«Y« by the different orogenic Moir«ients« 
Which the region have suffered* 
jtfter a review of the available literature, ain 
sttsMpt has been nade to present a brief iccoiint of the 
regional geology with particular reference to the different 
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tcetonie <piso«tes i^ieh ttie mnm h«v« •uff«c«<!!* 
Pexmer (193C) attMipt«a to classify corr« l «t« 
th« Vrecflsbricis renations of Ptninmilar India by AMarcf 
t i i^ the chamockitie afid iicm«<rh«nioekitie xwgricmt 
con0id«r«d tha ar«« M balonging to the Xxoii Ore provinee 
of iion«charnoeleitic region* Serkar (19«> on the basis of 
ra<3ioiBetric age detexnination eiassified ttie Preeaabrlan 
aequences of India into f ive aa|or groups md included the 
rocks of the study area in the precaibriiff I I of the 
eIassification# which i s presented in (Table V)« 
A resmne of the relevant infoxmations pertaining to 
stratigr«>hy and tectonic torn parts of this region* based 
on •tv'ailiMe Rb»sr« «ad Ph isotopic eg* data (Sarkar 
ifid Saha* 190} - Sarkar ipd and Miller, 19C7« 
19C9 #id Sarkar, et al 1979) indicates that the region had 
three orogenic cycles %iith closing dates at 3300 M«y« 
(Oldar MstflBOXphic Orogeny). 39S0 (Iron Ore O^pgany) 
md 8S0 N*T« (SinghbhtM Ozogeay) reapecUvely« 
Earlier, Dunn and Dey (S942) considered that the 
Iron Ore draup ef Singhbhtm region consists of a I^ swer 
Chiidt>ase yozMation on the northern sids of the thrust 
sons and an ^fp^r Iron Poniation encountered on either 
side of the thirust* The ospper belt thrust sons divides 
- $y 
pr«e«abri«ii V («00«t00 KiYr) t CtiattisQaxti Bwtn* 
VinAiyaiif 
Nonghyv 
pwcmhxim zv C900«»i<oo Hior) lpv , vindhyin 
«Bd CMOlhi 
pr«c«pibrl«ii ZXX(l«}Oi»3SOOMtr> 6«tpiir« a^ td Mr«vaI]Li(iii pe r t * ) 
jiii9aon» Eastern ohat <XX) 
Pmcrnhnm it (aSOlVSOOO nior) tton oxm, lAiainrar* a.G* 
Coiipi«x# ^ndi^lchaiia* 
£ast«ni Ghats (Z) 
prsesmbriw Z (3000-3S00 Minr) Older Mstunorphics 
(Mhar* Oriaaa) 
Bas«n«fit eonpZex (9« Zadla* 
KaJasth#i) 
thtt Xow grad« ii»t«iioxphic rock* of th« aeuth f xin thm 
high gr«d« oii«a of th« north i9ft5}» 
Th« otAiir of •tratigripliic mc€o»sion in tho 
•outh «iid north SlnghbhuB thrust son* « « « dotoisinod b^ r 
a^xfk^ and 8«h« (1977) on the b«ai« of tholr goochronoXo* 
gioal dat«» the succession of xoeles their correlation 
in Singhbhim sn<S sajoining ^ s t r i c t s « r « pres«nted in 
C T ^ e VX). 
the older raetssiorphic group of rocks of the region 
ripresents the rslict of the oldest recognisable orogenie 
belt in India i . e . S200 (8«rkar« 1969| Sarksr et al 
I 
The tmn Ore oroi^ of rocks was fotmed during the 
interval 3300 H«y« to C* atSO ll»T* or siust havo been 
deposited and folded during the intenral 3300 to 
SOOO M.V. (Sarkar et al 197»)» iTter the pa r t i a erosion 
of the Odder Met^poxphice the area becsne a siarine area 
tfid the Xros Ore Ossi^ p was la id dswt on the eroded older 
wetiwsphic otmvp of rocks* the occarranee of various 
basic l « ras tfid toffs intezbandsd with^ the rooks of Icon 
Ore Orot^ indicates that there wao another period of igneous 
aietivity during the period of sedimentation* Parts of the 
stable Iron Ore Orogenie belt were also effected by the 
^ n m 
tk 
South of Copp«r bttit thrust tone Nortiii of Cpppmx belt thrust aon 
• ena of singtibhun Qcog^ie cycle 
eso »!•¥•) 
HMer Dolerites(CV1600«^S0 M*y«) Soda granite* gconophyro 
Chiiluraah«r->ur Grant 
Granite 
MtisnxbhmS Oranita(C» t200 M.T.) 
G^bXD-tfsorthoaite(t470 M«T«) 
KSoihan Okov^ (C« tSOO«>tfiOO 
•• •» • unconfoxmity 
Bhanjoci Jagannatt^vur i«va(c«l«Q0**i700 M»Y«} Daliiie iavaa with inter-





Ohalbhun Fosmatlon Singhbbua 
Qiaibasa Fozmation Group 
(aooo-iToo Nt 
uneonfoiMity 
Singhbhua Grtfiite(C,2flO K.Y.) 
* « -Xien Ore Oretfony « • • 
Xxen ore Grei^i 
• «> • uneonfeanity 
Older Metaiiorr>hie Giieiaa 
CC« 3200 N.Y. ) 
- * » Older Nettfior^hic Orogeny « • -
Older llet«iiosphie Oroi^ 
Baeenent ( C*3300 M«y«) 
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Singhbhum oxogmle aKdvement (S«rk«r# 1980)* I t 
foIJLoiMid by • long p«riod of •xesion and «ta9»lis«tieii tff 
th* Icon orttorbg&iiib b«|t i^d th « dqpoaltioa oC the Gangpur 
Singhbhum of ••dlMcnts wne aubtfaqucntly thmrm 
v « « « f low of bftcic in nevoral ph«s«8 b«tii««n ITOO-
liOO M«y« ^ a the oxi^tion of ir«s followvd by 
the depositon of the Kolhan Osoxtp of SOdlnentt COonn* I936# 
1940) in tMo inter<>cr«tonic basins with closing «9e C.lSOO M«y# 
(Seirlesr, I f f iBK 
f^he study ares f a l l s within l^n nortlw eastern nart 
of tti^ well known horse*shoe shaped Sonai synclinoriura 
fozmed large ly of the Iron Ore Oxoiiip of rocks* 
Ihe lock foxmations of the study area generally 
strike NNEoSSW «dth a dip towards* north north»west, ^ e 
rock formations exK i^ountered in the study area* ere givcan 
as fo l lows ! 
Later i ts 
Xzon ore Osot^ 8hal« Cntngtfiiferous and cherty) 
Banded hematite Jaeper 
Sasic lava 
(Base net laiown) 
The banded hssiatite Jasper foxms the nain part 
of the Xion Ore i^tfige «4iich stretch aieross the country 
in a mtWrnSSM direction. fhs main outcrops of banded 
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hwi « t i t « i«4E>«r Com ttw tm timh» of syneliaoftun 
which l i M m hoarM-«ho« op*n to th« 
north ana cloovd to tho aouth in Boii«i«iaMBjhor» Ttio «oot«x» 
limb of the Synciiaorlua th « t coootitutoo tho 
Bolanl hi l l rmgo i s norc or straight und fonts • 
eoatiimoiis bolt of iion o r « r«ii9«i» The esststn limb 
foins thi^  Vhstntr^io^dfi hi l l nessos of v«ryin9 width* tho 
centriA !>frrt of the syaeliaoriiM ilhieh f o m s a vsllsgr 
bPtwosn the limbs i s gonarslly «>ecu|»ioa by shslo which 
hosts tim ttongsnoso ore a^^sits* Yhs sre« is Isrgsly 
eovonsa tdth I s t^ r i t e oad l e t s r i t i e soSl i^ich turns blf«cle 
in colour over the nigoQiinsso ore deposits* aneller isolated 
eittccc^s of tlie bandit heeatite J i ^ e r also occur in the 
vslley* rastemesthenng end oxosioo of the lAalo l e f t 
the harder banded Jaaper and hsnatite ore ettoding out 
l^HMiaeiitly ia.ong the strilie direction of the cocks* 
slisle rests enoonfoBsa^y orer tlie banded h«iatite iaflper 
and oocwpias sM>st c€ the ai^aees betwesB the two linbs ci 
Him syeelinoriwi* M s sHale i^ich hae bowa tamed as 
•s«st«XOra ehalo by M ( l iS i ) i s highly farrvgintausj and 
wae sebjacted to dsip latexitisation* X» the northern aide 
of the area between MswMtto and Jmda the eh^e i s aesoeiated 
with basic lava* 
Chipt*r • 111 
y.ITOOt^Y yETROQRtf HY 
z* y^bsassDLi 
B««ic l a v « occurs in the erva n«6r Matksnbera 
v l l l eg «# nearly 2 fte* SM of Barbll on the Barbil«.BDla)ai 
jroa^ ^ ^ lava shows dark grey bxotoiish tiuff colour 
on freah surface* Hie rock (basaltic and ao l e r l t l c ) has 
been termed as Heifer a » i e r l t « by Joaes (I934>« Due to 
greater resistance to weathering the lava i s o f ten found 
aa narrow and low serrated ridges* sometimes i t ^ w s 
colwinar structure md typical spheroidal weathering* 
The unweathered rock i s greenish in colour* f i n e to medium 
grained and containing abundant «iygdiiles of guarts* 
The layered nature and amygdoloidaX structures of the 
lava points to i t s extrusiwe or ig in (Misra# i961}« 
ttfidfd heyftt^fe j i f p f y t 
These rocks are very conspieuous «ad cc^sist of 
interbaaded layers of iroa wcide« Jasper and a combination 
•f the two* The bands are very irregular in thickaeaa md 
l a t e n t continuity, tome times the bands of jasper form 
a large preportiwn of the banded nock cod smetiaies the 
btfkds of Jaiper are so thin that t^e rock looks l i k e 
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m m 
0k iron ofm i»>n oxide Is usually himaUt** 
Fcmor (1909) c « l l «d tlMs* m k a as Bandtd flwi«Uts J«q;»«r 
or BaiiM fMnatito Oitartsito* Foxeival (1931) usod tha 
tom Bandod fimatlta Jci^or* sii* «7ai|»«r i s of tli« usual 
pink colour charactarlstlc of the Iron ora Group* Xt la 
•ssmtlel ly a ctwrt stalnod Inr iron ojciaes (S«o« 19Sl)* 
H«matit« i s darlc roddish brown in colour and fino grained* 
^Steso rocks are very roslstiiit to weathering* When 
tiiey are eaqpooed on surf«ee the siliceous btfsds are 
leached away faster le«(ving the henatite h m ^ standing 
out ©8 xldges* 
ghrilfi 
tSSvele f oms the main host rock o i the iii«ng«iiese 
Mineralisation* Extensive lateritisation of the ^ a l e 
l e f t only few isolated outcrops whertfrom sone fresh 
or partly altered rock Stf^^les could be collected but 
the aore frei^ SMples were collected from the open Cast 
nines where shale i s well eiqi^eed on the benches* Hie 
shale i s usually soft md finely l«Binated over most part 
of tlM area* Xt i s «e»orally fevrugineus in chareeter 
and alters at the earfeee or SM»re particularly at the ttp 
of the h i l l s into lateritic soil* Generally the tfhalo 
•iror the simtf^o** ore i s ttosk in colour and gives rise 
to blaick woRgaVkif eious soil on weathering* 
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t^ tw 8h«]L« ahowtt • wid* fumgrn of colour f i m 
ptoH tofotm to y«lio«ifili tiMa £io«»i i t alioiit i l sUnct 
t«itfi«tioii of varying in ttiiolnovMis* itttoio liftiitfi cotii^vt 
of ait«f»eto t«yer9 of thtAm* various ^aaoc 
of colour AT* pcodueod by th» |o«ehin9 gna pupgvoMivo 
oid(9f«tion apt!! hyiOraticii of iron m .^ m^isfffmm contonta in thon* 
Mmem of etmetf mmtmri^ X* oecasioni^ty ocoir iatcr-
in tl)* shi^o ana aGiiotiiROs au« to Io«chitj0 th» chort 
9l»c9t in colour or 
l^c chort l>irccci«tea r f » i9 i l ic i f i «4» 
I3tt»f! ( 1 9 1 0 } aag^eatC'J t!>«t th«»e charts feftich msm thma^hlf 
•hett^rrea t^ ttio fo iC mtsm^mi^t m^ n&si^iciffft^ «ra 
i!iorf» sacci^tibia tc coijsioto r^ lac®«cc t by tHm 
i s iiiaoi|ir««a o ^ r tli« reeks of 3x«m or^ 
Group* Zn aoaie p«rt i t !«•« b««6 r«iaov«d by oxooton dum 
to »tf«4r» aetioii* Oononaiy lat«rito oeriira on tho lii&l 
ftio latoritio toil lAiormr eippino tltm mMmnni* 
foaona loeli dhewe a tek M f «oloor* viio pfoe«»a of 
latovitiaatioii ia noro eawiioii in tba aroa auo to «ho f 
inooa ftaturo off tha roeiia of Hon oro Omi^ ana th* tropical 
oIlMato ««iioti prtvailoa in tha rogion* 
. 4S • 
P«teoqy«hyt 
Ptttrogrqphlcal study of th« tflffttxvnt inoclui type* 
«ncoantcx«d In the sttMir i s based on the thin section 
•tudiee o€ rocka tr t f i ta l t ted l i ght* 
Xnapite of the f i n e grained nature of these roeks 
an attempt has been made to ident i fy the Minerals and to 
describe their petzogrepbicai characters* 
Basic lay^i (PUZXX Wig, i) 
The basic lava occurring In the area i s . 
basaltic lava f low* The xock i s characterised by the 
devdopBiaat of insygduilcs in fpaiindtfice* E^ho fimygdules 
•re roonded to ssmi-counded in shape* petromineralogical 
observations suggests that the cock i s characterised by 
the mineral asssnblagei Pyxojcene* feldspar* epidote* 
chlortte* quarts* c l inesois i te* see l i t e and some opaques* 
pyiojcene i s represented by augite* Xt occurs as 
a conmon ferrosiagnesiun minerdL eccasionelly eecurriiig as 
phenecxyst* The pheneerysts ^ awfite are mostly euHedral 
to suMiedral in shape and very light pals bimsiish to 
greyish in colour* Thm crystals exhibit high relief and 
show middle second order interference colour with SEXtiaction 
«agle CaX » 40*. Vhey also exhibit inteipenetration 
twldaptif i s r«pre«Mited by f h « 
pI«9ioclaae occurs « « lftt>w8liiC>etf and short stmpy grnlos. 
His plogioclasft grains occur both «0 in gxouBdiaas and 
phanocrysts* tkmm ef the plogloelawis ar« cloudy in 
«lpp««r«Rce but g«ner«;ily the ^rdns show cisar Margins* 
siB^ie twinning on aHMtm law and intcipsnstration twinning 
are eomMonly ss«n* Extinction »qXm «ccording to M, Levy's 
aiethod i s atoost mxp, indicating ao intermideate o l igoe iese 
composition* <FI. XXX« F i g « i ) 
%>idote occum as a al^KTation prodtact from the 
pyroxene and feldspar* The alteration of feldspar into 
epidote ia cK>r« than the pyroitenea* I t ^lova pleoehcoiant 
frora pale yellow to yellowish green and higher order o£ 
interference <^our* 
Chlorite occurs as a camion alteration proAtct tftmr 
pyroaiene* I t occurs as stiaepy esgregetes and at a few 
places seme f lakey nature i s ^ s o developed* Xt eschibits 
p leechfo iM in shades of green colour* bireferangence i s 
weak« intei ference colour i s blue, rrtie colourless o r y s t ^ s 
of c l inoso is i te have been identi f ied* which are found always 
intimately associated with «^idote» 
- 47 • 
A mass of eryptDeripstia.Iln« w d f araln«a quartz, 
ch lor i te and some altarod s « o l i t « a eonpario* th« wtygdula 
minttrals* Quaarts cryatals aro ganoraliy neictaar to 
gramuiar with thalr c » « x i « psxpoodlcular to th « wall a 
of cavit ioa* Th« c t f r i t l es arw a l to cii igly or doilbly 
l ined «4th «p idot « and ch lor i t e e tc » 
Teacturei 
fl^e rock ia f i n e to mediutQ ^reined* holo erys t fd l ine to 
' ntier^rystelllne v i th ophit ic intergrowth between pyroxenes 
and feldai?©r£j ( W . I l l , P i g , t K ^ interaertel glass 
i s of deep brownish colour end charged with c r y s t o l l i t e s . 
Fine radiating structure in the glassy part i s also seen* 
which may be due to dev i t r i f i ca t ion* 
Banded HemaUte Jaaoeri ( n . XZX* F ig ,3 } 
The rock i s banded and consists of f> l t «m«te layers 
of iron oxid«s» j a i l e r and a cotbinatlon of the two* Vhe 
s i l iceous red jaopery bands consist mostly of cryptocr* 
ys ta l l i ae s i l i c a having varying degrees of f ineness. 
Mnetimes a few coarser crysta ls ^ w undulatory extinction 
under cross nicols* She graine of red Jaaper are mixed 
with po%#dery mA minute f lakes of cherry rad iron oxides* 
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are 9 «n« r « l l y hematit** Itowaver* thsra la no ahacp 
boundary batnean tha Iwofrm of Jaipur ana thoaa e£ hamatita 
but on tha othar hmtf thara la a f a i r diatrlbutton « r 
In hematite layara* 
ghalat ( n « 2IX, Fig* 4} 
The ahela ia femiginoua In character md altars 
into l a t e r ! t i c aol l at the aurface* Xt ofttm ahows bedded 
appearance. The falneral racogaiaed are quarts* tmricite, 
kaollnoua ana ferruginous material a* Alon^ with tha 
ferrtiginous tiiQterial occesional patches ef dark gray aubatanca 
are eleo found v^hich may possibly be menge-nifaroua natter* 
tfhich is the Colouring c^ent in the variegated ahale* (^arte 
l a generally InequlgraQular and the crystals are rounded to 
scRiiwrouaded and distributed evenly eidilbiting typical 
vavy exti i^tion* 
ihera are a few prophyzoblasta of mediim to coarsa 
grained (jurrta having aub«9igalar to a«ib»rouadad ahaiaaa* Tha 
analler quarts grains o f ten ahow pressure ahadoir. 
Sarlcite oecara Moatly as fine fibcoua agrgragata* 
Zt ahovs either pale green or ahita colour* I t la present in 
the rock in close association %dth miiaeovita and quarts* a 
fa%r minute flakea of auacovita are also found axhlblting 
tiOnaar hablta and atrong birafarangiitaca «rith aacond ordar 
Intarfamica eolour* 
ch«pt«r * XV 
occuRREwri jtfiD mxmRxLoar 
Most of the ore deposits of the area under 
etudy are restr icted to a part of the eaetecn limb of the 
horaeoidioe ah^^ed ayncl.iiiorltiii# fosned by the Iron Ore 
Oxot^ of xocka of the <7«iidi^)colra val ley* the nanoatieae 
ninerailisatlon i» laoetly confined either to the variegated 
apper i^ale or to the i a t e r i t e eapping the ahale(Sen* 1951^  
Utirthy m6 Ohose* 197 
these mc^ganeae orea ere e lasa i f i ed as *Ifatertoid* 
d^^oeita by Feasor although occaei<»iail.ly aassive 
in fom but are easentiaXly 1 atari t i c in general aspect* 
The diatribotioR of the nangsnsse ore in the area 
i e highly erratic and irreg«lar both vertie?>lly as 4«ell at 
laterally^ the presence of the ore at dspth i s generally 
indicated en the surf see by the presence of atiigiiiiferoiis 
Iaterite or black lateritie sail* the aiantanese ore 
bediea are dispersed throughout the eoiMtry rsek as •sell 
lenses* pockets* veins and irregular bodiea of variable 
dimensions* 
At a f9tf places the Mtngsnese ore «^lch occurs as 
thin taibular b«iida alternating with Iwinae of the shale 
• 49 « 
• So « 
in MiiMid «• 
GmmrtXly t l i « «mni oeo i rs in tiie felloidlng 
f o m s t 
U Ummm w ii«rfoir •i0B9«t*« «fid p^eiuits 
9* H^mt 0r iHieri o f * 
I f f f i t f f , 9 f l^fcmw f l ^ m w ^ ^ f i M f ^ t f t 
^ mm^tmam o m yhicb occurs « • X e » « « » o r i9i«rx!oi» 
•iQogfitf^ tooai«« « l t ! t « t lAofig o r oexoss the • tc ike t l i « 
eoQotr]^ xocli i s found melossd ulttiin t l i « 
0itXwef: ^m twon osm Gso^p nsd i s more mntzous tli«n 
thf/vttlntft ' ^ s c o r * bodies vs r r in « i c « f nsm S f « v CM, 
ycj^  ssvsrsi l^i is o t metsrs in i«R9tit« 'Sim «!«<» of th « o rs 
^xi^aics i r ^ ' M t m isns to ions* f tw o£ thsss o r * 
boiilos i s i f i ^ i l i y insry smsil ss cflMK»«r«d to t^s i r 
1 I 
bn^ t^srs no M i n i t s raistion bstwosn tlis tws dtesni^eos* 
fli* i4i»iq«p»OSS O I O S tits* oeeiir in th« f om of Isiisss 
o » sloeiists ^ osMsliy i l i l bsnastft || «sssivo« 
4} tjotryot/^* f ) a o M o r or oiMftliti** 41 pouter Ciil«li 
t r s ^ n 7>Urys ta i lM » « t l notUUlio i M f t 
•li«lir 9Tjpmi«WfU ttio of vsrioss Qrsdts sf 
11 
M mmgl^ inmm m f vsry f O B M i«ii« to Isos sna ^ s o idttvia 
tuo ifHi|ti*lsl I « M S S » 
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th « oth«r import«nt moda of oecmxtficos of th« o r * 
la 111 th« f em of nodiilos in • h«rd ceacrotionary H I M S 
coQiii sting of lithomorgo, ore Cnijted) and 1 atari t i c i n » i « 
itia ditfiatar of tha nodulaa vary f a faw ca to Itn^a 
aa big as 2S on X iS en. The ora i s iow tfid d i f f i c u l t 
to work ( P l . z , :rig,s«a, Fl,ZZ, V ig «3 ) . 
M S & i 
ff ie raanganesa ora oeciurring 418 vaina i a aas^iatad 
with raottlad* luracciatad charty bands tfid bmceiatad 
quartzitas* l^a veins ranga in thicknesa froro morG 
stringer to tO 20 ore in these veins i s bi«ided« 
massive or botryoidal« Sometimes crvsteXline ore i s found 
essociated v i ^ Chert in the w ina* The ore i s generally 
porous and of low grede* The ore veins are usually 
loc f t^d in the ear l i e r f omed intersecting jo ints , f issures 
and shear aonea in the> country rocica* 
sfomatlmes the o re veiaa r « i i f y with varin^le thickness 
in cherty brecciated bands. I^a to weathering the charty 
a^atari^ enclosed within the vaina baeanea powdery «hlcl i 
c«n bf aeaaped out eaaily leaving a "bOM-wark" atructura 
of fii«nganese era partitiona and aspty eanpartnants 
{ » U zxt r i g . i ) . 
* sa • 
f l oa t or rafvi oco i t hatra* mnssiw m^ 
flOS!ietiai«« w^^ngt in I t i s aiix«4 with • thick 
eovor of f •mgiaetta tfia umaifonHia i«totrito or lator i t ie 
soil v«iryino in thieknaaa f eon S i motors* 9ho oro which 
occurs in th « focn of saiai xouaatd to mtosotinaoa W M 9 0 « 
i s s proaaet of wsathoring of the unaoziyiog ora* fho 
f l o a t oro i s aiatritaiitoa over tho siopo of the h i l i s ia 
the fozm of t!^f(Rlcat« i ^ r i oro under 9 inches in sivM 
associatod ^ t h ^Moorun* or subsoil have boon reportau 
in rserts of region by Tnginees (i956)« 
At fow places* the mongiuaiferuou bmsAitors associatoa 
with henstito bco«n l imofi i te o f ten contains high greae 
giiPQeneae ore« SaseftSmoa the botiiaora are par t ly hiaaen 
in s o f t red i atari to o r *llooruB** nie f l o a t ore tlien 
Mixea with the aaftganeso ore i s l o ca l l y Hnonn 
as ^mm Ores 
The nhyaicsl prepertiea of the •arloua ore minerals* 
coll«ctea f f o » the stiidy ere«* are deecribea oa followst 
m^ srm^nn > t^x* wig. 2 ) 
9He MMeacl stare of aanoaooao oxide mineral a has 
toeeo confucing for sonetliie* M i a n i t e ana Pyroluaite* 
* is • 
which hevft Imm consiavrvd to be of th « stfi* «h«Riici& 
CQMposition* mA ArwcwttmA toQtttiHir hmcmx— th«y sr* 
mt>tm or i «sa idilco In phf«ie«& pfoportiAn likm 
colour* ha»SBC8s« lustre* etc* 
l^ l ian l te occiirs «8 Plustttra of bla<3b&d 
crystal tse longing to th«» t«r«$|Miia vymtm 
Iimgtn of tho i n e M ^ t X C!ry»t«l« ir«r]r f sm to 
rcmor (t909) ti8«a th« nmm po l i tp i t e to etsacte m 
4 
oxi^n of in the tetreyonail system 
m^ htsv^m m haranes* of €»0 He iasntiCiea m 
vocy hera m ^ m m m nltmtA with 9a«SS pecc^ t of ^ 
peXifijnito «hieh vas fcom ShiiBoge aiatr ict* *xtm 
p« l i « i i i t a ident i f ied the tisatlier fnihedcel 
to prisAi^ic crystals hg^ring hsrdnese shout colour* 
Stsel grsy « i th shining siir£«c«» t«istre « atetsHiu* 
crystal® are aoneijhat br i t t l e * t$trsalb>sooty bltfrlc* tout 
does not soi l thr hsnd* fljp* or* 4*7« M i s n i t s oocf^yifig 
VU9S in aen^ir.ess ores occum sbiiB(;'«intly in the f o m of 
prtsmstic crystdls (n« rig* t)« Xt i s slso found 
pfojsct ing from the surface of the eoHofofn os«s* I t s 
•oa* of occurrsRce su99«ats that s ff<s« surfsc* vss 
accessary f o r thr asvelopment of the mineral at a low 
t«si|»ttrsture« ryrolusite oecmrs in msssiiro to finealy 
crystaline font* Zt hss s soily Maitk colour* 
• S 4 « 
8tr«ft1&»darlc 3«0 • 3*S Or* 
L«Btr**»»ufeni«t^3lic to •v tdL l i c * th « « i « 8 « l v « v « r i « t i e 8 
of nyxnl^Bi f occur in many fozn» « «iieh b o t r y o i W * 
asacaUatod* aiMiticva«r« Isoimork, stf i lt ietit ic: o tc . I t 
alao occurs « » « voin nineral in amm £oimoa 
miners • « 
c r o t f B c i m e ffT, Pff l lcwfl f f f i t i Fi9* u a) 
«snd pisiloRi«l.i^« do not show distinctive 
differenc«8 in their nhyslcai characters* Hbwevesr* there 
i s a mejrkad »?iff®retsce in thffir chesnitlkL ccsmpoaition 
S»r«y powdor pattrm. 
The foxBiuiae for the tvtio niinerctla* as suggested by 
fitwett end Fiaiacher, tu (i960}« are as follo%w» 
cryptoRcli^e - Kl^ R nnf'^ - Hn 
paiionaltfsa * ^ ^ ^^^ 
Colour •> s t « « i gray* stra^b^toroMiiah black on niWaing 
with conaiaaral>l« praaatira* Nardneaa Fracturo 
sub eonchoidal* 
In the Br«bil araa cryptomalaifia « nailomelana ore 
occurs fibtjmdar.tly in ini«iy fozms nucb «a nodalas* )cidaay • 
slicf>ed« botryoidal an<^  atalactitic, a l l of vhich ere tha 
Si • 
eh«riietiNri»tics of oollofoim (M* t » f i « » 
cellAfom 0fm fi«<iu«at|y fo(«i»4 of emomttie bands 
^ eryptmcI^M - psUoMlaiM tna pytolttsit* la 
« } , t «matt «9 pps&ticB* 
Wipgaiiif t (tte^o^, H^o) f i g . a ) 
M«D9anit« i s ft hydr«t*d oxid» of aiaiivtfsfts* 
£ouoa to t>e tdth pyco3iii«ittt« poXitfiltm m^ « l « o 
i^tb ejrspisQn«laii« * j^ftiionel^s* Xt otxiurs minuto 
noodles 00 woll os flR)))oar«l graloo i ^ c h OIPS censioiiiaf 
rcplocod by pynolueite* Hootfleo of mmigmitm ore found 
oiti jor tini&g th© droses or in tlie ?i«i<iffjlte 
neoAeo h^ r^© « typical i?»oii83P iiist(xso« ocnr-rsliy mfinrronito 
i s of groy coiottr v i tn sutsiot^Qlilc iasturo* streak* 
dsric Jaxom^ £r««cturo»eveii« horaness 4.0 * 4»2* G»r, 4*2S* 
iroaaitgt 3 r s ^ " ? ^ l i i^ ' Bio^ 
ivotmlto i s t^ ard mf^ di^k f rcy eolour* I t takss 
OOoA polish loiat sot mm good ss t«)c«ci Cmptomolftfio » 
psiis0k«l»aio* Xiostso^ftibvitsooiis* st«o«h»ta]L«ck* f r «c t i t re « 
itfMiPOOf h»r4ioss « %>• or« 4 « i t » 
H i t 
GslottSwbiOMi* stir«ali»dftrk htmmt kardnoss 2«0« 
Ott, m2m90 It kss o vory low sios9«iioso oMids c-ootsnt* 
^ d i s ch«raPt:jeri8e<3 by i t a softness low spec i f i c 
gr «v t ty « ^ Fsxmor (1909) has reported simil&r wexi fron 
Mysore and den ttxm XeoiiJ|har# Oriss«r 
(1964) also recorded i t s oocuirrence from the mangonese 
ores of Shtvrajpar* Gujarat, Wad has a dark brown colour 
and a dull 4;ipear«ace« Generally* i t occurs in powdery 
foxm pQtht^B bcceuce i t i s eas i ly weathered with the 
l es f j o€ moisture* 
Wincregriaohic study of thf reiy^gar^ese 
:|rntjeDductiont 
This f o r the f i r s t tlT.c that a Jiystanatic minerag-
rcphic (SRd per«3€netic study cf tnese ores has been made« 
The m{«ngj«ies© orec have l^ ccn col lected systereatically end 
carofulXy froai the d i f f e rent benches of the quarries as 
the area i s under active esq^loitaticn of tasnganese ore by 
«f»an C a s t methods* 
rtw tvio fAinerals can not be disttiiguii^ed by their 
physical c r optical characters* Ramsdell* (1942) 
observed that the nhysicRi pro:?erties of cryptcraeJt ane a*»d 
psilonelane are almost ident ica l , althoa?'^ they eoraevrhiit 
d i f f e r as regards thair chtmieai ccnposition and S^ray 
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povOmr p « t t « rB* ftlcfinoad* and Fic ischar C1942} 
studied *FetlciiielaiB«* aptcincns (hard# cm^efit «nd 
tlie pov€ms di£€jEr«ctlo8 pixttesa that ^ ^ 
of the fpccimcns were eryE>toHielafitt afid 30X pnilomelane* 
and now tb* t « m crfptmnmlm^ bec«»c most w i M y asctd 
f o r most of the psiaomdaiKea* CheaicaIXy» these two 
minerals di fCer only in t h ^ r t » o minor eonetituentsi 
n«nely 3«i0 and cryptomelon© h«0 KjO as on© of th© 
essentiei constituents with l i t t l o o r no 8eO« idierees 
psiloneirjne has B ^ qg the primary constituents \Ath 
l i t t l e o r no iC^ O CFleiischer, 
KuW^erJee* B» (1959) hcs done JUray study of the 
raasROanese ores ^nd found that the powdoc pattern of 
^ e so Called pailssmei^^o corresponds to that of 
cr^tcwielitfie* 
Hie author in the present wor:; hajs talopn cryptciieiane 
f o r crj^itowel sne • psi lanel«ne group* 
M l S i L S!$lBEjESL« 
under r e f l e c t ed Xi^ht the minerals oecur in neicular 
as Dttll as in naseive forms* Colour«<9C«yish %^ite to 
ULttlsh grey, XLmost always the surface i s c lear of any 
gtfigutt material* Pleocturoiim f a i r l y strong in shades 
of gray* it im motSarataly anisotropic* 
Stch reaction t Kcn, KOH, FaCl^, noua Regia • Negative 
HgO^ ^ Effenresces 
HgOj m " strongly broim 
SnCl^ Blaclcans Innaediately* 
pyrplusitet 
pyzolusil^ ocoirs mostely in a l l the t^'pes of 
ores* including the eollofozxn ones* I t I s al£Jo fo'ond 
as an «^teratlon pro<%ict oi: pol ianite j^d to a lasher 
extent of raangenite and ow«n of braunite to sane extent* 
Zt also occurs in massive focm (PI* F ig , 1)* I t i s 
a f i ne l y crystal l ine to non«crystalline var iety of MnO^ * 
and always contains inntmeralale gangue materiels within 
i t * 
Colour i s varMte with a d ist inct yellow or yellowish 
white tinge* jOmost noiw^leochxoie« feebly anisotropic 
giving slate-grey colour in o i l * Re f l ec t i v i ty i s high* 
Elch rmtptiout 
HCl, WOj, KCM, KOH» 95^1 ^  - Negative 
11202 * 
H^Oj • BUinm teai«e1c tout tvaction 
if l fRore r ip id . 
r « a j in Hcl • Carlnms 
fflicig ( s « t « | * tutu** bl«ek iMwUg^ttfrnwuHf 
j ^ i i a m i f t liiO,, 
The t em p« l i i i i t f t %rea Intfodiicea tnr fSctai«id(«vliohii« H* 
and Rmaolirt n <t9» l ) to the eoctTMly cr r « t fd l i i »# v«iti©ty 
altd pyvolttsite to tl>e £ i » e gru&iwd ir«riisty e£ 
m^ PavSovttch 1X1311 thin t«xii f o r the 
crysta i l ine vnriety o€ hbOJ^ foiisi«d €&s»ctly ducii:^ tlw 
^ rainercl Coisiatiot} ^la the t«B© pyiolueitQ 
to nscaaeraprpfis of ^Og i^ ter iw»rlC{Trt miner*-
Icrrlata hovev^r hpw dioeeraeA tbe t«OB :-pe»ltfnltf5, as 4t 
has been found by d t f fwve t i on t « « t s that poliartltie 
m^ nyxolumttm hgve laantiCAl aiiR«ii«iiona« Duan <1936} 
9X90 nifttntiilned this taxm to dvacrlbe ftmm oxi<S»8» 
UlM'wiAe tirtKnbogaardty (1991) im not in favour 
of uminc thr tosn po&ianito as apomrdiiiff to hte« th « JUriQr 
• ty «y r e v « « l « d the atructuroa of m^ 
to bo idtantieal* 
Xn thf^ pjroaant «ioirk« th* author liaa fol lowed tha 
vieira of achnaiaash^n and «aadohr« and haa talwn tha 
• mm 
eo&tmHy e r y a t a i i n * v « r i « t y « to IM |N»ll«nit« me 
m&aerjgottiXliiMt to «sfif»t«Uiiii» viarl«ty yfmliisltf}* 
M l m i t t ^ occurs • i t i i « r in lAatftd « r y » t « | « iiORi«tiiites 
ttf&i!M«U or in •alMidriil« f o n * lH»th of tlMMi li«riim 
« i « i iv «9o i n * vaiSf 
w igg ia i i f t Byo) n t i « a l 
oecwa in tmo tommt i s mogpfmmm m^ tiMi 
other i » 'Crr8t « l l i ! i »# i i» r o w ccss^en. I t occura in 
the for^. of lore acicwlesr of ton m^ettln^* 
ScrsotliBt-s m^uEit® i^co occurs in t ^ l ^ r i o m cslsoasd 
i » « ^romt^ms cf p m l u s i t B or 
C^our i s grayish i^ i t® to browiio)^ In o i l 
oolotir i s <l«rlc fgoy witli teonnitfh tioQio* Klooi^woio i « 
^•Ass of li9>>t to dsrit otoy* ABisotiopiiw i s q i i i t « 
^iivina yslloulsib* lAwisii 5l«*y o r vioiot«frvoy oolotir* 
Ugdr ysscticai^t 
mm w^ xoh, MPI t o a | - » s «o t i vo 
ttCl hCGnOm} • m^r l i s « » ! « grain with 
asvttlQpiiont otch 
mKU^ ( m ) « CsrlGsns vory siiotitly 
oorswles tlio frgiiis* 
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Waiunift ai03 
Brc»uilte occurs in various fonss tfid assemblfliges* 
Xt occurs in asijocintion with with Pyrolusite, megiganit©, 
and eryt>tcMelan«« Xt occurs ss nasFive an<3 banded torn 
iPlt VX, 4). Banded braunit* shows vtMA fractures 
^ i ch ore f i l l ed with pyroluaite and 8raunit« 
i s ^ s o seen as f ine l y divided crystal in a 
gcoun^ass of cryntcmalano and pyroiusite (Pl.VXZX* 
Crystdiline braunite i s mostly enhedrai because i t s cryst«a 
feces %mre largely obliterated ae a result of aierginal 
alteration into pyrolusita* 
colour Xs dark grey to l i gh t grey with brotan 
tinge. The colour of brcunit© i s very dist inct in 
o i l * isoa-pleochjcoic^ Msakly anisotropic giving slate 
gxmjf or bluish grey colour* 
Efch reactlom HCl(Conc,) • negative 
HMOj (Cone,) ^ negative 
H^ao^ fConc.) • HegaUve 
H^ O^  (Dil« 20%) • Slow effervescence 
along fractures* Mo staining, 
SKCl^CSat.) • strong etching. 
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ggethltei (F®^ o^. H^O) 
A l i t t l e of goeghite la found occurring In the fona 
of minor bands veins in a niang^ese ores which 
a;re composed of pyroluslte i^ ad cryptoraelane, 
Geothite shows greyish %fhlte colour with dist inct 
bluish tinge under re f lected l i gh t , Anlsotroplsm dist inct 
giving grey blue to grey yellow or brownish colour* 
etching e f f e c t s negative to e l l the usual reagents 
within the noxznal l l a l ta* However Schneiderhohn (1920) 
found a variable e f f e c t of etching by longer treatment 
with HCI. 
chipttr «» V 
tlXTOWIt jOtP tmiK imEWKEthTlOn 
The textures of manganese orem « • i t feot i f i ed in 
polished sections under re f lected l i gh t ««re described 
«s fo l lows« 
jilraost sAX stages of re|>lafc«aent hacve be«ti recorded 
in the ores having replsfctnent texture* fti^laBcnent in 
generolly restr icted to easier paths of movement C o i n e d 
to the grain tioundaries and microfractures of the ear l i e r 
fozned aiinerala* Joint planes* f issures* and inte«^ranul3»r 
flpaces in the coun)uey rock as well as in the ear l i e r 
foxned ores served as starting points f o r riplaP«^4Mnt« 
ntese served as channelwa^s between the invaded mang«oif erous 
rocks and the ninenaiving solutions* 
ffie evidence of replaCMent has particularly been 
noticed in tliose ores having eryptonelaiie* pytolusite* 
Msiigiftite, poli#iite md braunite ae their principal 
mineral eonstitiients Ci»l«v, irz}« The earliest fomed 
braunite is found to be partly raplaieed by pyxoluaite of 
second generation along the fractures in braunita ( n « V, 
Pig* 4). 
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femetiMCs to aartfie«d rtpX«ic«mttnt« th* cryvtul 
ph«ry of br«unit« i s almost ol)ilit«rat«d (n*V« Fig, 2,3 )• 
In plaiccs* Mal l uiialtar*^ Orelna « f torflWiiit* « r « mm 
within th« grouttAMas* pyroluslt** crys>t«n«laiti» ( n « V* 
Vi9« PrimaUc cryatala «f iiiiig^kit* and aSlM «f 
crypton«Iane ar« baing raplaecd by tha sacoiMS ganaratloit 
pf pyxolitaite (PI, VZ* f ig « i ) . Haaalva pyioluaita rapletcaa 
tittt country coek Fig«tl Has i^ao bean obaervod* 
SaUfiSasE tstiMB.* 
CoiiofoKm taxtura la inoatly davaiopaa in the or«s 
eoXXectad ficom tha i ^ a r port:iona of tha quarclaa* The 
collofoen bands di f fer in thair conpoaition aa %i«li aa 
in torn (PXm XV)« Tha ores ahotdng thia texture are 
eempeaad of a aeries of coneantrie lay*ra of oryptoneiane* 
pyroluaite tftd goethita with thair cunratiiras comraA 
towarda the younger surface* aome of the ores have anooth 
concentric layers (Wlm Vig* 1) %rtieroas in others the 
concentric Xaysra aia irregular and d r o n e d 
Za every colloidal aass thoro is a snail niwleua of ore 
or gangue arcmd lAich alternating concentric layers 
of pyroluaite, cryptciaelene and goethita with gangue are 
davelaped. (n«ZV« rdg. XU The ahrinkag* craeks or 
aynereslsin the collofom ore cgre f i l l e d with pyroluaite 
tfia of i « t « r orifiR 
•hriakagtt er^ksMtn to be au« to subsoqittnt Io«« of 
wator «et«r the «npl«e«ti«nt of ii«ii9«»o»* minors • in 
por* (Bh«dr«* 19eS)* 
yqinod t e y ^ y f t (PI . VJ, Fig, « « n . V I l , F i g . i . ) 
Most of the or«s «e«n in polished sections « re 
intersected irreguleray by ve iniets of m«inganese minerels 
0 
f^d gsngue of i a te r origin^ The micxofraet^'rea developed 
in the ore are also f i l l e d with o r « snd g^figm of l a t e r 
or ig in* Generally these veins show matching well r^citions 
« i t h the ear l i er focned ore minerals^ tliough minor rf^leeement 
along the vein i s not unconrrHMi* In a few ores 
narxow pyrolusite veins of third generation cut across 
the crysta l l ine and massive brattnite (P l « VX* 7 i g «4 ) « 
The collofom o r e ' i s also veined by the pyxolusite of 
third generation, 
Kreceinted texturft <n. VI l l , Fig. 1,2*3} 
fhm brecciated texture which i s i^so kneisi as 
"crashed tsKture* or "Siyloding bssib texture* has been 
classified by 8h««rarts, ( l fSl« p. M i ) as a secondary 
ore texture. In a fs«r polished sections angular f repnents 
of freetured braunite are conented with pymlusite «nd 
The fr«otuctta are f l l i « d by pysolusit* 
without showing «Qy ai^n of r f p l « c « i « n t along the fratctura 
val la ( n . v i g^u PI* rt tX» F i9 , i » 2 «3K 
Grtimlag taxturft (n«VZZZ« n«VZZZ» P ig . PI .V,Fig .2) 
This texture i s shown Isy the crystal l ine var iety 
of bratinite in which the f ine l y crysta l l ine aggregates 
braunite are integrown with gangue {^a the inter* 
granular 4;»aces are f i l l e d by pysolusite (PX, VSZZt Fig*i*4* 
PI* VIZ* Fig«2)* At a f s v places unaltered fra^nents 
of braunite are surrounded by pol iani te and aanganite 
(P I . V, Fig,2)# 
JBan^ y w i t u f t (PI. VZ« F i9 .4 ) 
Zn scime hard massive and conpacted ore a typical 
laysring i s preserved. Kassive pyrolusitc layers vary 
in thickness and alternate with taraunite. Bratinite 
shows no de f in i te crystals outl ine due to alteration into 
pyrolttsite. Xnnuneraible nicrofreetures commonly cutting 
scieoss the banded ores* are f i l l e d with secondary pyxolusite. 
Zn a few apecisien the layers of braunite alternate 
with that of a gangue and the banded braunite and g^ngue 
are s l ight ly curved and constricted. The presence of 
alternate lays fs of braunite any pycolusite with gtfigue 
• §7 • 
unmistaHabl* ttvidMncft m fgvoar of i t » Mdliii«iit«ry 
er lg ia* «i>d th« • « r l « t y of or* ni«y b* the •o l i ta ry 
remnant of th« priai«ry o r « * that boon lovgoly 
•Itorod and replaced by the sccondory o «o « of JL«tor 
9«norotloii» 
B«»od on cx«iilnatlon of a nunbor of poliahoa soctions* 
the minereX asMnblf^goa in the mmgtsammm oros of the 
atiidy acoa ara groined as fo l low* t 
I* Bratinite • pycolasite Oco 
Braunita » cx^ton^ane « pyxolttsita oro 
3* Pyroluaite « poliaii ita • tnmganite • eryptomelane-oro 
4* Fyrolusite crfntm^lttm ««oathito>«vo 
Tha above aaaonblagoa vary in thair ptoportion 
of mineral con tan ta tfid aa ouch the frothing do not paxnit 
a ahaxp diatinetioa batvaan tliaa« 
9tia ore of t h i a nlnaral aaaanblag* i s eonparativaly 
hiarO, abe& not t«ka good po l l eh and ineladaa high propo-
r t i o n cf gangua and yie lds low grade oro* fh i s type 
of ore ic generally foimd in the lowar portions o i 
qiirrics or th« parts of the <;pa«rritts iiliwra th* 
or* subjflctaa to g r * « t « r eaiqc>«ction to folding 
or tidating forcM* Th« crjrattl l inc foim of br«i init« 
iff granular «nd tha lntadr«*griinul«r m>ae« t « f i l l a d iiith 
pyroltsaita an<3 theao two nlnarals ar« not ri^laead by 
•any othar ore » lnar« la* ^aaa two alnarals iodic a t « 
ttia primary nature the ore* In certain eections 
of q^arries hard nasaive brauntte wae «Beo«ntex«d« 
The braunite of thia mineral aaecmblage ia aleo veined 
^ pyrolueite of la ter generation* Some bn^mitf* crystal a 
are fractured a^d the nature of the fragnents reveal a 
titat probably they i«ere d^oxaed pr ior to the secosidary 
ore atinerala enveloped then* i t e r a t i o n of braunite 
into pycoluaite has i^lso bean obaerved* 
p r t f j i n f y i o ^ p y t y ^ u f f l ^ - y f f $ 
l i i ia aeaenblage of ore aiinerala ia restr icted md 
minor in occurrence* I t ia hard« cenpaieted i«nd banded* 
•rannite which ahova alteration into pyroluaite^ has 
leat i t s crystal outline* Braunite ia nqplaced by 
pyxoluaite of later generation* Replacement of crypto* 
melane by the pi«oluaite has alao barn obaerve<l^ Some 
eryatals of pyrolusite are deformed but generally 
pyroluaite oecura moatly in massive f om* 
f t l is ef MMttLasr* im comparatively hard and 
genarally c»iqposa the hiijh grade ore* Cdareely eryeta* 
n i n e pe l iaP i te , which occura in large tabular^ priamatie 
tfid eometime biladded cryataXa i e generally f r e e from ar>y 
gtfigue also developed in cav i t i e s or vugs agnd f racture 
spaces in the dollofoxn ore* Pyrolusite and cryotomelepe 
occur in the alternating concentric rings* Msn^imite 
which occurs in prismatic and tabular fosm« i a surrounded 
by crybtomeienc polianite* Occasionally* manganite 
also shows ner t l e l replacement by pol ianite* fioam 
large crystals of poli i^ite are twinned* From the mutual 
boundary relatlcr.s of manganite md po l iani te i t «E}peara 
that the ore minerals h«rve somewhat overlapping ages* 
91)ere are some VRins of pyrolusite of l a t e r generation 
i^d at few plaecs in these veins some polianitii crystals 
have aleo fomed* jdteraUon of cryptomelane into pyrolusite 
i s noticed* The ore having th is assemblage i s general ly 
of the higheat grade* 
r m i ^ f i t f f f y g ^ f t i i f f - w ^ ^ - ^ y t r « 
The ore of th is mineral assemblege i s general ly 
found in association with l a t e r i t e tfid l a t e r ! t i c so i l 
• 10 -
conposing the w m t part ^m coiaiitry voeic* At 
i t i * also eharaetvUMd by stmeturtt** 
••rittty of en fofai«tf « t a wmmUt of ai^tf f&ctal 
e a n a a o a t of aManifttceua tfhale i^tf i t i # rsdatival^ 
Ifttar ia ocigin IcaoifR a« aaeentfary em* ftia ova 
ccsmmonly occara as nodular ant"' botryoidal niasaea ana 
at p i teas aa ae f t Pyroluaite* ocypton«li i i« 
Qoathite era fotind in th « foxn of lAtacaatiiig coUofoxn 
bgnda* aiaggeatinq thair aSntHtaiieooa formation* ftia 
Shrinkage crackaa in tha ooiiofozm ore are i l ao f i l l e d 
with pyfDluaita ana gaAQue eC l a t e r or igin* ReplflCtrnfint 
of cryptoraailm bF the l a t e r generation of pycolusits 
haa also bean obaerved* 
inTOai^ag'i'ATioii ae mi^ iwcsim & 
ifhile atudying Vhm neAgmeae oraa of th€> study 
area in poliahetf aMstlona wider re f l ec ted l i gh t an a t t «q » t 
haa barn made to interpret the i r textural featurea* and 
Aao to datemine their peragenetic aaquma. 
ftte ool le font texture i a mora connMn dominating 
in the ort^a oeoarring in aaeoeiation vi th 1 atari ta« The 
collefocn orea have m maBmtXm* of pytoluaite* cryotaMO* 
lane# pol iaf i i te and to aone extant goethite^ occurring 
in th« f o n of e l temate col lefoMi b#ida aoggeating thair 
•inu].tiift«o)a« fomat ioB in4 iueb textvucws nay b* r « 9 « r M 
« • the b« «t critsrien of • prvvieiis « f « i * atntc (ChattMj**, 
1962) • VtMi synwrais er«eka or ^urinlcage eraeks 
in the col lofosn ore are f i i i a d with pyrol«aaita of 
younger Qenaratlon i^ ieh par t ly raplgeaa cryptomalflne* 
the eolXofoxm pyvoliieita and erfptoniala^se to have 
been d^oa l t ed more or lesa siniiat^aiiaoiialy* Generally 
eoarsc to medimi^ tabnaar and pr iaaat io crysta ls of 
po l ian i te end maciganite are found in the vugs* cav i t i e s 
gad on younger f r e e aa&rfaee of the massive ore 
minerala* ^e^gsnite in the form of acieular end prianatie 
crysta ls radiating from the surf@cc of the coU^foian bsnds 
i s par t ly replaced by po l ian i te and pyrolus^te* f^xnetiniea 
nafigcnite also occurs in p laty or In stout tabular 
crystalline form t^ tsich i s ^ s o replcced by the second 
generation of pyro lus i te . « i e r c are also some Instances 
^ pseudmorphous alterat ion of mafigifiite into nyrolusite. 
Ihe formation of thr two c rys ta l l ine ore minerals 
vparent l y continued s l i gh t l y hmycrnA that of ^ e 
collofoxm minerala (Key* t f i l ) * CalleConi 9M«hita 
night h;s<re been f o r » ed fron tlie icon o a i i ^ t a present 
in the or ig inal aadiaienta by ifptggana anriehnent e r 
oxidation* 
Thia textural relation indioatas that pyxolueita 
tfid cryptonal ^ e in the ore eryatalliaed nore or less 
•imnXtm^Wkwlly and tiwy ar* by thtt pyvalttsita 
of l a t « r genaxation. NManita an4 peXi « i i i t « 
f o t t cd a f t « r th« fematio i i of «»UoCeiBi Mi f i « ra « * 
«3bov* nantioncd alumna «iMnib|.«i9# wliieli 
«>p«ara to h«ve bean ocS.9inat»(S fnaM « ooiloiaidL 
of mtpigmmmm a«y hm oocondary erm tnd 
they were p i o b ^ y diposit«« by tbe eisctaating meteoric 
water under the normal tmpereture and pressure conditioner 
next most ^simd^it ore fnineral eeeenl^efge ie that 
of hard naselve ore» having pysolueite« e n ^ ^ e l a n e 
tfia brauonite* The br^unite pyro^Luelte ore d i f f e r s ttm 
other var ie t ies of ore both minerolog ic^iy imd texturally* 
this ore i s characterisod by b«nded texture^ with parallel 
bands of braonite aitematinf with pyrolusite and gangue, 
M places briHBite i s fr«ietiir«d apd dsComed* The 
fr«ctttres are f i l l ed with pyroliisite o£ Zst* generation 
havlnq shaxp boundary relation with braMail»« tti^ne two 
liinerals CtatMinite Zst* generation pyiolusite) miy 
be the priaexy rnmgmm— s^norals or protore pressnt 
in the sedtaiente as thess tMs ainers^e aro not found 
to nplese my other ore Minerals and are gsneraily 
rsplgeed by other ore ninerais* M in ease of 3hivraio«r« 
Oiijerat, aiiigtfiese ores whers the foxsiation of braioRits 
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i s apcenpalned bjr pyrolnsit*^ p « r t « of which ciproMnt 
the primary o r « « ( f t i tnl , 1965)» This to tho 
conclusion th « t l )r« iuait«»^yroli isit« are p r i « « r y mang^ioso 
ore iBiner«ae the i r o s i 9 i » » « y 2se attributed to 
the bedded mangifiese oxides deposited « i t h the oriQinsa 
sedintentary constituents of the host cock within %Aiich 
they occur. a n these evidences help to suggest t h « t 
bceimlte l a the o ldest mineral fo l lowed hy Zst. generation 
of pyrolusite* They ore primary ore mineral 9 ^ d 
have probably been foxmed from the original constituents 
of ^ e synegenetic nnfiggfiese ores end eubsec^rntly 
bulk of the secondary ore was derived from thisi through 
su^ergen© enrichment* choeiic^ alterat ion and rqplac«SQ^t 
processes* Braunite i s also r^ leced by second gencr«tioo 
of pyrolusitc mC both are veined the XXZrd. generation 
of pyrolusite« 
The banded braunite ore Appeare to h»ve been 
re ta i l ed the or ig inal bedded nature of the noagaliifeious 
sediment that has since been cenpaieted into hardt nassive 
e re , 
^ e l a t e r i t i c ore cips the underlying shale might 
have been foxMied a> a resul t of si^pergene enrichr<*ent 
and ripleeenent 9£ the ceuntry rock by iitfigtfiese bearing 
solutions a t o r near the surfaee« Fexmor (1909) regarded 
- 74 -
-these oreiiS as of I&t« secondary origin* Rtifsul (i964)« 
regarded the l a t e r i t i c manganese ores of Shivrajpur* 
Gujarat^ as a product of arupergene weathering accon^eDied 
by the ground water action on the ear l i er formed ores 
and groiq^ed these ores s^f^arately as out crop secondary 
pre. 
The apthor i s inclined to consider the l a t e r i t i c 
ores of the area as a prodi«3t of concentration of iron 
apd manganese frcro the underlying rocks by capi l lary 
action acccn^ahied by segregative changes as the area 
i s largely «(Efected by the deep la tcr i t i za t ion , 
pyrolu8ite« cryptonelane and raangahite« the 
higher oxides are characterist ical ly deposited at low 
teR^erature^pressiure conditions as 8hoii«n by the d i f f e rent 
s tab i l i t y f i e l d of Krunbein, W.C* « i d Oarrel^ R.M.(19S2). 
Bricker, {1965) stated that the formation of dbundtnt 
pyrolusite and cj^ptoreelane r e f l e c t s the greater s tab i l i t y 
f i e l d of these two minerals in oxidising condition, 
j^cording to Stral(hev« ll.il. (i966)« the formation of 
Mifigenlte indicates a s l ight ly reducing condition during 
sedimentary deposl tlon or possibly « d i « g « i « t i c change 
of higher oxide sediments • He (1966) alee suggested 
that the original sediment rich in manganese and iron, 
are redistributed and concentrated during diagenesis 
• 75 -
to f o m ore bo<H««* 
pyrolusit*. crypt«n«lai i* and aanganit* mem iew 
t«iip«rctiim proauets f on i *4 « r «nt l t of subsequent 
eha&g* in the or«9 probably d i * to the e f f e c t of 
Murf ofce wat«r« Pycoluaite «nd p o l i m i t e lAiieh oecur 
in vuga md caivltiea near the ausf ape of the tfapoaita 
are cenaidarad to be aupergane* Poiiamite aXways 
betrays i t s or ig in as a aecondacy mineral of aur f i e ia i 
o r i g in <Desli)«nae, B^Pm I960 J• end emptomeltfie proved 
alw«y8 to be aecondery <?Gxoior« 1909 
^ u e the paTegenetic sequence of the tnapgeneae 
ore mineral a of the stud^ area nay be presented as fo l lows • 
mneral yrlwary Sec^aiidegy 
Early t a t e 
iKaunite 
Pyroluslte 
M i j t f i i t e _ _ 
Nanganite _ _ _ 
Cryptonelane _. 
Ooethite 
Oiiptwr * VX 
aKcmatmr 
tesul SSl$8ESBli 
tn th« oC mim^0 tli* float xoclt f o r mrnvt^mtm 
minmreAimmtioo i» mhtXm, Mch is liigh].F tmnvginournm 
Wiitmm rtprm»mtmtiv o f ti ie a^mim, Ml&etma 
f nan the « ! « • » mwm midymma ehmdeMy f o r t l i « a»t*min«t i «m 
of ttir foUowiao aajor oaciaos * SiO^* 
t f onh C«c»» VftjO* Kj|0« V^S 
f l io mo poieontiigo of Mo, t IS h«o not botm t?^ 1s«ii 
tttto caasiaorstion tho v« iue w«s found to too «»cxii«leiui* 
ftio vairiation tcood of Various cofistitiaoiits 
i s shoim Tho snslytieai ^mtm are prosontoa 
ia t ^ o VZI md tho distrilmUoii of tli« nsior o3ii4ss i s 
dioottssea s » fol lows I 
g l f f f y l ^H t f f nJIftf t « t # f « 
CistrilmtioB (wt.K) liid irorisUoii rsngo %dth «v«r«gs 
(vt, 10 of dif f o m t asjor oxidss prosoot im shsl«« i s 
«iir«ii in %sMo n z tfid IfXSI. 
m i o s 
si l ios Vsrios f ran 4t*V povesnt to M . l f potoont 
«iTos m ovorsgs vsluo of SS.S porcsnt* Nistsvrtfi 
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FIG- 6 VARIATION DIAGRAMS OF THE MAJOR OXIDES IN SHALE. 
• I S • 
(ri9« 7) shows thst the nsximtn frsqusney psxcsnt U s s 
tostwtSQ 9S » io psrcsnt «nd ths eonstitnsnt hss • miaioaatl 
iisgstlT^ly skavsA distribution. 
jqwiiiia (jg^o^^t 
Alwiliis irerlss team ia»9 to 2S»f S pwcimt snd th« 
avsregs v«|,u« i s t7,79 p«ce«nt# tlistoar«ii (Tig* 7) showi 
th«t the nsxiatiRi treq^amocy p s c c ^ t distribution l i e s bstwssii 
« 22 peccsnt class sn<3 th« aistril^nttion i s un l i so^ 
a «g « t i ve ly skswod* 
Titsnis Varies frcm 0*16 percent to 0*83 percent 
haling sverage of 0*40 j^reent* fhe naximun 
frequency peicent aistribution l i e s between 0*3 » 0«C 
percent class (Fig*7) has a fin£iiodal# pos i t i ve ly 
slMNfed distribiitloft. 
7\stal i«mi eon tent varies frpn percent to 
23*2 peieent with an average value of iS*S7 peresnl^ 
Histo«r « (Tig* 7} shows that tha siaxlMua frequeney perient 
l ies between 10 »15 percent «lass« and has a uniiRodal* 
positively skewed distribution* 
« 7f • 
histf irarie* from 0*11 tso a* i$ p « i c « n t with ign 
Value 0f 0*52 pextsmt. iUstogrff i ( r i g , 1) 
fiAioir tha* th« ii«xtm«i frcqocftcy p«KC«it l i n s b«tM«MMi 
0«0 • 0«S pmxcmt class has « witiiodal pos i t i v e l y 
slc«i<«d distribution* 
g j f f l f r t a 
Mognasle var ies fnasi <1*39 pexcant to S*t€ pexccnt 
with an average value of percent* Ristograni (Tig* 
i ^ v s th««t the msidmm f rf-quenesy poreent l i e s between 
0*00 « 0*6 pescent e l a « « « «Ad has a uniaodal pos i t i v e l y 
sltewed distribution* 
ipda Clla^O)i 
Soda var ies fxm 0*2 to 1*0 percent with averago 
of 0*68 percent* lUstogrtfR (Fig» 7) shoirs thgt the 
siii^ciniw frequency peioMit l i e s between 0*(l • 1*0 percent 
olass and has a laninodal R«9atively slc*«od distribution* 
Potash (K^O)! 
f o t a ^ var ies f e w 0*11 poreent to t * l i pesoant 
and the avemgo valuos i s 0*14 percent* tastogrM ( r ig* 7) 
shows thttt the Maximun frequency percent l i e s between 
0*0 • 0*1 porcent class and has a wnisiodal pos i t i v e l y 












FIG. 7 HISTOGRAMS SHOWING FREQUENCY (7.) DISTRIBUTION 
OF THE MAJOR OXIDES IN SHALE 
•kttiivd aiatrltoution* 
MMtoaw— (imo)t 
Mali9«ne8« oxide contants very from 0*1S to 14.7S 
p«re« i it nith an «vara9« of 4*49 p«rc «nt « niBtogrm (rig*7|e 
•hovs that tha naxlmim fraquancy parcant l i e s batwaan 0*0 * 
C«0 parcant mA has a unlmodeX pos l t i i r^y akewa i^ 
distribution* 
P^iphotiis <y.O.)f 
.111^  I 
Phosphox^s pentojclds vjgotlo* from 0* t poxcant to 
0«S6 percent having an aiverage valuo of 0*32 pare en t* 
Klstogrtfi (Fig* 7) showi that th« naxlmiaB f requam^y porcent 
l i e s betvoen 0*1 « 0*9 parcant eXaffs and 0*4 to 0*S parcant 
class «Rd has a blomodel nature of distribution* 
Watar iigO^t 
Hatar varies from 2*32 to S*4S percent with an 
everage value of 4«02 perc«at , Htstogr«i (Tig* 7) shows 
that the siaxlsivm frequency percent l i e s between I •> 4 
percmt class, «nd has a wtnedal pos i t i ve l y sicewed 
distribution* 
Hi* av«r«g« valuM of th« d i f f amnt n « j e r oxides 
prcsMit in th« of tho st i i^ « r o « aro cmpssnt^ %ilth 
those of major o x i ^ s of tho nosaal shaloo siportod 
txm i i toraturo <Tablo XX)» tho •aXuos of oorrolatton 
eo « f f i c i on t botwoon the various major oxi<Sos datoiaiifiod 
in aAiala aro gXvm in TaJslo X» 
TSio average s l i i ca contents in ^ e shaie of the 
s t u ^ area i s s i ight iy less thsil that in the average 
^ a l e s ( T ^ l e IX column «hich i s possibly Aie to 
the r^Xacament of i^ i i ea by isoa and nangtfiese which i s 
also evident by the inverse relation between s i l iea» iron 
<r •o«636} and silica-eiiiAganese ( r » •0*734)• Fig, 8 
« leo shows that ^ e s i l i ca percentage decreases 
the increase of iron ma Moxiganeae content* 
ttie average alvnina contmts are also closely 
oss^arable to tlie average ^wi ina in nost of the average 
ehales (Table IXr colwun 2t3«i )* Vhe t i tenia contents 
are also f a i r l y oenparabla with those of t itania in most 
of thr average paleoeoie sh«ias (Tdble Zx« eolimin 2« 4}* 
Zron and maaganeae contents are exceptionally 
in ocmparison with other ahales ( T ^ e ZX)* laaa (1943) 
has si so r ^ r t e d S*0% mo and a large ^an t i t y of iron 
ill t»i« aiiia* of lEiiis c«otoii» rhm tot^l tvon oontMittt 
pcwMmt im tmmtH politic amOimmf i*m t o 
(MtUJotn* r «J , 9m i l N m c of t c o coatMits 
in « l i « to tli« eon«itt«ioft th«t t t » ihtHo 
of 111* ftioo m aipooitotf ia M O T O m A ^ t A m mviwmmmt 
tlif«i nost of tho othor ? f f «e« ib i i i f i ohal*** 
Both lime m^ n«gi!ioaiit coa^f i ts in th« ftiiHo « ro 
cotMi^ramT iowtv than in Vhom fottnd in Azalea 
itt^lm fx* eelmii a»9*4) boci^is* feoth er^ a 
•r* sifiiiieoe by iion « » «h» voiuM of corr«i«tio!i 
cooffieiont botnocn ietin»lSmA and iraMapMiaiQ «cf» 
«0»tS0« •0«633 nifptfetivelsr CTeK o^ le}, fwm the fiiiit S 
i t i s eHao mtamt that i i a « »«pMisl« aecreaso viti^ 
tli« ificsoase of iroi) end viea^ivaraa* Fei&otdi^ tlio 
chanieal eonpoaition of ^tititaa giiren tsfsf l«i«th and naad* 
HUBS* fUH* Jrr* (If SS) aii9^ati«a that tha mmmt of Itoa 
daevaoaaa with tha inoiaoainiti a9* of tlif! aselea* iciia 
aMoaaa of aiapiMia ovor lisa« hoattvar* aii99aata tha 
i»aaBca of my bioMiamieai astivity during tha a^^ai* 
tioa of tha flhai« ia thia tavion dicing »cacaat»gi«a 
tiflia* oa lima oanwraiiy ooeava in tha fomi of ooiliafiata 
af 0V9«nie origin (aattijohii* t»t7>« 
»ataali me aoda bath ara caapnrativaiy loaav thm 
tShom fo«V)d in tha othar ahiOiaa ( T M a aoloan 
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WO. 8 RELATiONSWf BETWEEN SiOj-F^ Oj.SiOj -M«a F.jOa-CbO. F^ aOj-MfO 
"••jPa-i^ s^O AND F^JOJ-HJO IN SHALE. 
• 6$ 
Gttn«r«lly thm noxmal contalft 3 to S p«iec«ot of 
p o t « ^ (p«ttijohn« 19S7)» Xn thm prascnt e « s « thtt low 
eontonttt of i^tMti oetfa smbi to bo doo to the osceeso 
or •nrieliment of icon cont«»t# has m IniriirMi 
reiotioii with potash ma ooa* (^alAo X)* Vsm the f i g . 8 
i t i s also oviaant that potash ana soda oontant aaeiraaso 
%fith the inccoaas o£ icon ana irico»voraa* Twanhofal, if»R« 
(1950) has also po&ntea out that tho s ^ t a of soaiun* 
m^anmaLvta «itia c^eiuoi are laxgely rtmovea as a resitlt 
of pff^9agaa leaching o£ very grain«a e l ays md 
s i l t a pert ieolarly i f tiie leaching i s auo to vater 
containing organic weias* peceentnge ia g ^ e r a l l y 
higher th«a that foona in average Shal«s XX» coltma 
2«4) i^ich i s possibly atxe to thc^  high percentage of 
iron in the Shale as the corral atimi cos f f i c i en t toetMoea 
iron « i a i s posit ive <r « 0»<70} ma from the f i g , « 
i t ia ovident that PJb^ i a a ireet ly proiportional to 
iron or with the incxoase of iron oontaiit o o n ^ t 
lAso iaereaaea ma vioe-^eraa* 
I t ia not a i f f i c a l t to M i o v a that the M a t i v o 
proportioaa of the eaaantial oonatitaenta are ^itito 
nomal with the exception of high iron ma simfftfinaa 
oontenta* when eooiparea with other ahalea of aedliMMitary 
origin* 
tEBlSlL IMesaSL i 
QmchmiettJLlr0 i « « stzona l l t h « p h i l « 
mmttX* I t i s eone«iitrat«4 in •lllctittt phaM of 
T H F T n « T « o r i t « t « R D l i t h e a ^ T I « J R « » 2 B upper l ithoii|>H«r« 
nang«ii«M i s oxyptiiX*, Nsngaiisss po«s«ss«s « 
disUiict biQphiis t«ndsficy (Coiascl«iidt« 
a*eoRq;>osition of rooks rieb in namgtii^Mi ewtses 
tti« fosmation and snrielnioiit of tti« tiydroxidss «nd oxidos 
of ntfsgsoosc* fh i s proeoss talws ploP^ in the oxidation 
eono no«r the surf soe and i s pxonoted by a and 
littaid oXInato* Mtf^aneso r ich oxidates fona the most 
i i r^rtant oros of nanganose (Ranktfna* Sahvaa* 19S2)« 
2n the present study# nangtfiese ores tton the 
study area were coiXected systanaticalXy eed th i r ty 
rtpresentatiire mmi^ lmm of ores were f i n a l l y solccted 
analysed f o r the detentination of their pr ine ipA 
aiaJor and trace elenents (r ig* 
l i i W ^ i U f f l B f t i f t r ffilfti* 
fhe distribution trends (wt.%) and •ariation range 
with « ve r « i e (vt.%) of the d i f f e rent najor oxides ^ris, 
s iOj, fXj^iy n o j * 'a^s 
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and H^O'*' are presented In table XZ and XZZ* m and Fe 
percentages were recalculated frcn MnO and The 
s i l i c a and alunina percentages of s w i e s He, r24 have 
not been taken into consideration as they were found 
to be anomalous, n^e re la t ive . ; Variation^ trend of 
Various constituents i s shown in f i g , 9 «nd discussed as 
fo l lowst 
S i l i ca (SiO^)! 
The quantitative variation t rmd of s i l i c a i s 
fxom 1.0 to 10«9 percent with an average of 5,02 percent. 
Histograa (Fig, 10} shows that the maximum frequency percent 
l i e s in 5 • 10 percent class and a s l i ght ly skewed unimodal 
distribution of s i l i ca* 
Alonina (jg^O^lt 
The qutfatitative variation trend of alumina i s 
from 1.62 to 8.56 percent with an average of 3*88 percent^ 
fUstogrtfi (Fig* 10} shows that the maximum frequency 
percent l i e s in 0.0 to 4 percwit class* and a unimodal 
pos i t i ve ly skewed distribution of alumina. 
TttiOia (TiO^}t 
The quantitative variation trend of t i tania 
is.0 2 to 1.0 percent with an average of 0.18 percent. 
lilst09r«B ( r i « « i e ) ahoirs that i h « m^Umvm fr«qtt«ney 
pnxcmt, l i e s la o«0 to 0.3 p*TO«nt c I m s and tn « « l . » tv i * 
btttion of t i t j ^ i a uniJBod«l pos i t iv « l ] r 
The quantitative varietlon trend of icon l a 6,68 
to 44*26 pevceBt and the avera?* vdLue i s i8»82 pevcent* 
Hi8to9C«B Indicates that the naxtaura frequencjr 
percent I l ea In 15 to 25 percent claaa* and a mimodA 
pos i t ive ly skewed dlatrlbntlon of Iron* Zn the ore a l l 
gradations are present^ low iron • high manganese and 
high Iron «• low nangienese* 
litmtt CCiiOlt 
The quijntltatlve variation trend of lime i s fron 
0*04 to 0*28 percent with an a(v«ra9« of 0*12 percent* 
Hlstogrip (S'ig*ao) ahows that the naxisiuni frequency percent 
i l e a in 0*0f to 0*12 percent class* and the distribution 
of lime i s wilnodal a^roKChing pos i t ive skewness* 
The quantitative variation trend of siagnesla i s 
fiem e«14 to percent with an averaon value o i 0»SS 
percent* f i istegr« i (Vig.aO) shows that the laaxImtM 
frequency percent l i e s in betwean 0*25 • 0*45 p«ccent class 
- to • 
tfid thtt distribtttioa of nasneaia i s unlMOdal posit ivwly 
Th« q t t « » t l t «Uve Variation tcantf oC aoAa ia from 
0« i5 to 1*0S |p«rc«nt «fith m avcraiga of 0«S9 pafcant* 
mstogron (Fig* 10) ahows « uniBao<l«l pos i t i ve ly «)ni%ied 
t«RdeiifCv of thtt dlatributlon of «od« and th« iiaxlmun 
fc«queocy percent i i e s in between 0*3 « 0*5 percent elaee* 
ioteah 
i:iie quantitative veriat ion trend of potaj^ i a 
from 0«0& to i «0 percent with m average of 0*27 pescont* 
Ristogrcia ( f i g * 10) ahowa that the majdaiuBi frequaney percent 
l i e s in between 0*2 « 0*4 percent class and tiie distribution 
of pota#i i s unimodal pos i t i ve ly slcewed* 
i i i i ' gan f f {^l* 
The qu«« i t l t » t ive variation trend of eianganese 
eententa ia fraa 1A«S4 to percent with m average 
value of 4S*7« percent* Xn the atudy a large nisftber of 
Medixn and high grade aviplea of ores haa been included 
particularly* lAie orea freai the Fagua guarry art generally 
of high grade* Hiatogrvs {Tig* 10) irtMwa that tlie 
aiaximiM f requeney percent l iea in between the claas, 40 <» 90 
percent* « id a negatively akewed tendency of nanganese 
diatribotioii* 
- 9t -
FIG.10 HISTOGRAMS SHOWING FREQUENCY (%) DISTRIBUTION OF SiO?, A l203 ,T i02 
Fe, CaO, M « 0 . N a 2 0 , K2O, Mn, PgOs AND H jp * IN MANGANESE ORES. 
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qumtitatiire veriatioB tnmd of phoai;>liorus 
10 fnm 0*08 to 0*43 wil^ ain average ef { » « fe «nt« 
fttstogran shows that the neociauai fr«q«iency p^rcmt 
lies in betvaen 0*1 « 0*2 percent c lass snd the distribution 
tondenc^r of phosnhomis i s nnlmodal pos i t ive ly 8loew«dt 
Hhts ^ f f i t i t a t i v c Variation trend o£ L *0 » l « i s 
fcoii 3»2i to S«87 percent with an averege iralue of 4*66 
percent* Histogr«a (F ig . iO) ^ w s that tite naxinun 
freq!ii«ncy pescont l i e s in bmtvmm 4 • 4«$ percent class* 
and the distritnitioa of Ii«0»Z* i s unisiodal pos i t ive ly 
skewed* 
estaM.ish thf^ relationship between s iang^se 
and i t s other Major constituents in the ores* the ^ a l y t i c a l 
results were f ed to ^ conputer mA their correlation 
coe f f i c i en t ( r ) values were detecmined ( T M e XXZX) and 
discttsoed as fel lows i 
fhe Vfaues o f correlation coef f ic ient *r* between 
Manganese • s i l i ca and Mangtfiese • aliMina are «-0*2M 
• f 3 • 
«Rd •0.393 Mt|p«ctiv«ly* 719* 11 sbows tha(t tti* l inear 
relationship botw««n mtrngm^mm • s i l i c a and nimvsnes* • 
alumina i s not s i «ni f ieaDt« fha aistritontion of s i l i c a 
tfad alUBiine i s indi^aiidsnt of the nang«Mss* 
Ths correlation coe f f i c i en t values ( r ) betweon 
liangenese * t i tenia oPd manganese «> icon aire •^•496 and 
0*869 respectively. Prom the f i g , 11 , i t i s also evident 
that laanganese contents are inversely proportional to 
t i t i ^ i a end iron i « e » with the increase of memgenese 
there i s a decrease in the t i tania «na iron and vice^versa* 
Lfwe im€i Maqnosiat 
The veluec of correlation coe f f i c i en t ( r ) between 
manganese • lime and manganese • magnesia ere 0.043 md 
0.132 respectively. F i g . l U indicates that lime and 
nsgnesia have indlvidaally no relation %dth mangsnese as 
the Values of correlet ioa coe f f i c i en t are insigni f icant, 
fhe distrihutioB of lime and magnesia i e ind^pendsnt of 
the maiiffaiiese. Lime and magnesia have pos i t ive eo(?relation 
icith each other as the value ^ correlation c o e f f i « i a a t ( r ) 
between then i s 0.654 which shows the ir mutual i n f i n i t y . 
A f a i r negative correlation exists between soda 
mmnganese ae the value of correlation coe f f i c i en t *r* 
• • 
i s «»0*S79, From ths f t g . i l , i t i s also •vident t h « t 
«iid nimaiftsss « r « invsrseiy pcpportional lAt^ ••eh 
oth«r or in other words with th « inervsso nnHitfisMi 
there i s a d»er «ss* in sods m^ v i c » - v « r ss * 
17h« ve in* of eor r « l e t i on e o « f f i e i « i i t ( r « 0*i0S) 
betv^en potash aUd mangaiMs* i s insignif iegnt «nd iron 
the i t i s siso «vidMit th « t the distri lMUon o£ 
potash i s not dapandent on manganese* Soda potash 
have no significanit reXaticmship with eaph other as the 
value of correlat ion eocl^fieient ( r ) between thaa i s 0 * 1 3 0 * 
ghoi^horus 
A strong negative ri^ation exists between phoi^horus 
tfid fRiHgaPoee as the valae of co r r^a t i on c o e f f i c i en t 
i s «>0«?20« ^ e l inear relationship i s shown in f i g * i t * 
«ihich indicates that the tu9 coMnstitu^ts v i s * phoeptiorus 
afid mtfigones* are inversely proportional or in other ^ r d s 
with the increase of rntiogmmam contents there i s a decrees* 
in phosohorus contents «nd v ice»ver «a» 
Iioss on ignition {n^tAi 
The relationship of LOX is not significtfit with 
«ang«nese as the value of correlation coefficient ( r ) 
between w i «Ad »«igtfiese is «0*123« Vrora the f i g » l i « 
i t i s el so evident that the ftOX i s indspeadsnt of mtfig«ies« 
• 9S • 
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» 9 « « 
mM th « r « i9 mo Xiiittar Mlattoaship hmtmm th «M tuo 
eonstitttcnts* 
following char oc tor i ot ic eheinie«l foaturoo 
hare been notlcod in th« n^g«nooo oroot 
• Dominance of s i l i ca over alumina* 
h •» All gradations are preswnt from high i iof i low raanganese 
to lov ison high mcogenese* 
e • phoi^honis contents are generally low* 
d • Ooninence of tiiegnesia over lime* 
e •> rtaniinaRce of 8od» over fjK^tash, 
8i l ica« elixnina* iron ®n<S phoaphonas have wniraod^t strong 
t>ositively skewed frequency {%} distribution* liirae* 
magnesie* soda* potash and titapiia have a unimoddl pos i t i ve ly 
skewed frequency C*^ .) distribution* 
Mengaiiese content h«ve unimodal negatively skewed 
frequency (%} distribution tandsncy md approach 0ie nomel 
distribution* Phosphorus* whose freqneney distribution 
trends towards the nostel i s pxobebly esseciav^ed with 
a l l the mineras in the ore (Murtiiy ^id Ghese* 1979)* 
from thf' table XZZX the fol lowing iaterweleecntal relat ionihip 
i s establi i^ed afid discussed* 
- f t -
iiflfiamM conUnts txm Iwrnrmly ptvportlonail to « i l ie « « 
«l,inin«« i f«n» tittmim mA ptmwph^m or idth tam 
inejreiAO oS th*mm o^otitiiwito mm99m— contMit 
m^ rtemrnivmemm Crig* t l ) * atlieo oontooto in tho oro 
good pQsitlim cerm«tlc«i with tO^ mimm gna titoBi* 
as the valuo of eorrolation cooCfleiwit io r • 0*9m ond 
0*199 mp«ctiv«4y# lAueiifia tigvo a good pooltliro 
corc«l«tloii with tituBio f r « 0«SI9) or in othor uonSs 
silica* aJLUBiiis md t i t « i i s are dircctiy pcoisortioRsi 
mith ftoch othsr* Ziier«««o or dscrsaso o€ ons eonstitiiciit 
with the inommm or aeceoaso of th« othor m^ vieewvursa 
c ^ t » » t s liQive positive corrolation tdth soda 
mA plioflqphociis xixx)« thtts ptioaphociis soda 
aro d irect ly pxoportiooal to tha icon contaats and thair 
distribution i s dapendmt on isoa «Ad thay mm to hm 
d ^ r b a d in psepportlott to tlM i»on osntants Cirig, 1 2 ) , 
iha iavarao rsiationsliip of • •mswsa iron «ith 
aviinat aiXiea snd othmr «anti«iMAta ossf iaa that toiafc 
off tlia siiUfanssa and iion praaaot in tlia ora ooenrs in 
tlia f oM of oxidas and thasa t»ara not fiaiad up in tha 
ailinata foxm in tha ors (Mai* K#X« nt a . 1*79 
9«nMi Vkm pattain of diattilmtion of thaao conatiMnts 
can ba aiylainad if i t ia aaaanad ttiat tha oaiioidal 














-J i L. 
I.. 
M * 










• |r .0-570 
ioT 
^ 0 6 c 
5 OS 
04 0 © 








Ot 0 2 03 0 4 05 OS 07 OS 0 9 10 
TiOjIwf.y.) 
0 5 to tS 20 25 30 35 40 <5 SO 
Ft<wt.1U 
(E) 
044 r r. 0-720 0 
040 - 0 
036 • 
- 0 32 o® 0 
w 0 28 ® 0 










1 1 1 1 X 1 I — I 
0 5 to tS 20 25 30 35 40 45 
F«(wt%) 
FIG. RELATIONSHIP •ETWCfN (A) Si02-Al205,(t>SI02-Ti02. 
(C)Al203-Ti02, (0)F«-Na20. JOFt-PgOs, IN MAHfiAMttf 
ORES. 
99 * 
pcoccsstts m w ap«rfttiirc la th« wirtehMnt « f tlM 
o m * tli« Alaor •Ivaents w«r« ««aorb*a on th« eolIoi4al 
Nft, P«« siOj tfid pr«8«nt in tlM 
c o l l o l M Stat* •• oidtes iHtf hy«roicidt«* th« 
caUons (Ha^ K^ n * ) tftd the tfiioa (ro^) 
uere attached to the aegatlTAiy charged <MBOH}^  und 
posiUireiy eh«£«ed FetOll)^ re(m»eetlvely md 
SiDsne, 1152}, 
SsasEai. SSi$SBSiS6 
Horace ei«iient studiee provide a pioeiielRg tooi for 
detemlnlng the •otirce->¥el.CQpie or non^Volccpic of menganeee 
md iron oxide d^poeite* syetenetie Minor M tr«ee 
«l«Rent« etu% on different typee of rnwgmw di^oeits 
wee pioneered by n^wett neieeher <]9i0) tnd l lMt t , e t a . 
Since tlim niiCh eddiUonaA infomeUon liee been 
gethejred* fo r the tr«ee element eonpoeition of 
the tn 9o«ne# aenthem ittnei neeganeee dipoeit h«ve been 
dieeeeeed by Megerits, N, md irmner ( i f7» ) « 91ie 
treee olenente ef onidee in Volccnie terrain 
or by hot ipring has been deeeribed by iiMiett,et A . ( I » f3 ) 
nnd Menor, K«K« 19i4)« fhe tr«ee menente of the 
m m 
pmmnt ^ y fjraah %/mtmr tmgsmt»9«nmm d ipo« t t » tia{v« 
tsmm witMma hf CMmm3i» me ( i » t 6 ) « 
^eiBm ^ m m t distrlliattoti in dn^Ma htm htm 
eiemmma b^ Olatfl^t m^ iw<3r« (m 
turn l>«9i0 of ' igti eoneaiitratioii of ettgt«ln trme* « l « m « i t « 
f»ych • • mt Buf Ca« Ho vte* in the s«oi ForatM^iaee atfig^Hiae 
<lepo«it» r«iit09« CtHIBf 1981) « t t « i p t ea to p m i d a 
m%€imm% in of imSietfiiic o i i g tn of ^ 
a ^ s i e * 
Hflf l l^Miaii,* 
the ^tttrftbiition tawd and vestetioQ cifsge iiitli 
ttmrttsm viAtiMi fppn> of tw a i f f « f « i i t trece «l«3i«&t» 
via* 1%, » » Co* HI* sr« V otia m «««»peeaeatrtf 
in ThAii' fo le t iv® d i smboUon 
fem libeiiii in ffi9*it« ittm t rma e i ttte ^ f f o M o t 
triye* «&«i«nto i s -sfjo^ in f i 9 « i « t » d diteu{iiM6 foUoinit 
viMi emomtxmMm of o o p i ^ i n tuo mainganoto 
o «o* of otiMly ittoo iroviM f ion SS ppm to m ppm 
with « ovovfltro vdliio « i i74 npn* 
I t hao bofn om^iioMntaliy thmm that i o 
o f f o e t i v o l r o h m M toy VofOfD^^ i«i (Olt)^ •na olicr 
• 101 -
minerals (Kr«usltt3p€, 19S6). The source of copper 
may be traced to the oxydate sediments rich in Manganese 
(Krishna Rao» 19S9>« 
The Copper contents in the manganese ore of the 
8tu<3^  area show a strong pos i t ive correlation with Si02 
and MlgO^* (Table XXZX)* Copper has an inverse relationship 
with manganese as shown in f i g •IS* table XZZX* n f a i r l y 
posi t ive relation exists between copper-lead and copper 
cobalt as the values of correlation coe f f i c i en t are 
r m 0,309 and r m o«395 respectively (table XZZZ)» and 
a)ci inverse relation exists between copper • Vanediwt and 
Cppper- molybdenum as the values of correlation coe f f i c i en t 
are »o,344 edid '-0*400 reepectively. 
I fef idJu^t 
Lead content varies from 11 ppia to 70 ppm with 
an average of 12 ppm (Table Kff), Lead contmt has no 
signi f icant relation with magngalkese content as the value 
of correlaUon coe f f i c i en t *r* i s «0«044 (Table XZZZ)« 
«^ich i s also evident from the f i g . H , Lead has a f a i r l y 
posi t ive relation with St, Cr and a negative or 
inverse relation with ( T ^ l e XZZZ). 
gine (ai^t 
Zinc content in the ma^nganese ore of the study area 
• 115 -
fieiRi ta ppm to 500 ppm with an 22S ppm* 
KTiahaa R«»(19St)« %ilio r«i»ert«d sine In br«ti i i lt« md 
irr<8dtonbuv9lte# 8UQg«st«<s that the soutc* of sine In 
noiig^ttM ore might b» th« oxydat* ««d|]ii«fit r ich la 
manganeM* Rftlatlonshlp betif««n cine tfid namgaiiM* 
I s not s igni f icant as the valus of corrsiatlon cos f f l e l sn t 
•r* I s 0.066 (Table XZZZ}« which I s « l so svldant f r a 
ths f i g . IS* tine has s p&mitiw m « t l o n witA n l e M 
as the value of corrsiation cos f f l e i an t ' r * I s 0*626 
(tMm JauK 
Cob^t content In the ntfiganese ore of the study 
area varies txm 1$ ppq to 3S0 ppm with «a «fverage of 160 ppn. 
Krishna Rao U9S9) h«s rcfported cobalt In i^sllomelaiie* 
brsunlte •redenburglte and he eiqplalned that the 
l l thophl le tendency of cobalt eiqi»laln9 f o r I t s occurranee 
In braunlte* 
A negative or Inverse reiot ion ex is ts between cobalt 
end Manganese as the value of correlation agKiCficlsnt 
•r* I s «0,30t (Table XZXI), which I s also shown in f l g . l ^^ 
Hlckel content In the anng^iese ores of the study 
area varies f rm 25 ppm to 260 ppm with an sverage of 
• 116 -
5i ppn* lliek«l in p«i lcm«lan« md braunit* has hmm 
rcporlata hy Xrl*hii« ll«o(i9S»>» mMt, mt aX. ( m a ) 
htrrm r«|>orttt« high cencantration e£ aielcal in « i i p » « a 
mtwjm^** miUfrn 
The « « la t lon of nickal uith i » not 
s igni f icant as tha valus of correlation eos f f i c i an t *r* 
i s 0«033# lihieh i s also from the £i0« iS« Hiekei 
has a goo(!i positiire correlation «dth ssine «s the valtxo 
of corrslaUon coe f f i c i en t ' r * i s 0.626 (Ttible 
Xn the RiiiDigainese ore of the stu<!^ area stcontiun 
Varies from 24 ppm to 62i ppm with an af^rage of 223 ppK* 
Hewett^et al. (1963) reported strontium i^to iSOO ppsi 
in m t^feigafnese oxide deposits* ^ e relationship between 
strontium and ««noan«se i s ins igni f icant as the vi^ue 
of correlation coe f f i c i en t ' r * i s «0,226 (T^Ode XIZX) 
which alao evident from the f i « « l V strontitm has a 
f a i r l y posiUve relation with K^O as the value of 
eorrelaUon ooe f f i c i en t b e t m n ftr itfud K^O i s 0.466 
( T ^ e XZZZ). 
CbrBsiiiai (Cr^t 
Chroniwi contents in the sitfiganeee ores of the 
s t i i ^ area varies fns i 13 pfsi to HIT ppsi «dth m «verege 
- 104 -
of §9 piw. 
Fcoiaieh* F* a9 i 0 } m>ggeBtm& that th« bulk of 
ehioniiM pcoMiit in 8«dln«nt a^m founa to bo assoeiato^ 
with nica tfia eltasr niMndlo* ChnMlun has o alifithtiy 
pO0itiire relation with n ^ t f i o o o cootoist as the valao 
of corralatlon co «£ f i e i « a t *r* io 0»3a2 fxon tho 
i t i s also oviaont that the ir rolaUoiiohit> ia 
not aigoi f ieapt* ChnnitaR has a negative or iinr«roo 
c«latioi> with p^Oj cotttont as the Value of correlatiei i 
e o s f f i c i m t •r* i s ( T ^ o xszz ) , 
M a a i i E L m » 
Vane^om coatsnt in the manganese ore of of the 
•tttdy area variea f ran IS ppsi to 40 pp« idth an atrerage 
of 31*$ ppn* Vana^uB aeons to haw been released in 
eovrae of weathering of igneoua rocica and subsequently 
incoii^rated in d a y minerals ^ e to low solubi l i ty 
iMHiobility of V (om,* 
Vanadium has no aireet r^at ionahip with ffimgtfioae 
content as the value of correlation coe f f i c i en t ( r • 0*04S) 
ia ina igni f ic t f i t 0 r i « » i$ ) bat has a pos iUve reiaUon 
with Molybdenwi as the value of correlatien coe f f i c i en t 
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In intfig«ii«M or* * of the «ttt<3y reolybdtnum 
v«sri«« fxtM 9ppBi to 10 ppm « i t h vn tprmxta* valuo of 
ppn* Zt hftfi no ^ r o c t r « lat ion with muicrfiiiefto 
/ 
content (Fig, IS) but i t has « posi t ive relat ion with 
chscoiin «8 the value of comdat ion co «£ f i e i «n t *r* 
i a 0«429 end inverae relation wiidi as tlie 
value of correlation cotCficiant ' r * ia •0,400 (Tahlo m z ) , 
m mttmpt has been ma<3e to coi^pare contrast 
the avaraGFe concentration of certaiii traco eienents of the 
flii«i9«no9ii ores of the si^ udy arem with Vft^tm of raangistieao 
ores of )mown genetic t ^ e s * as reported from certain 
partfs of the «or ld by aGme aathora (i^aiblo 
The average cimcentration of Cu in the mangansse 
ores of the stady area i s alsiest tho s^ae as that found 
in the precimbrian si«pigaiB«»o ores of mtusdara distr ict* 
M^arastra state, India* but i t ia much lower than that 
recorded either fren volcaliiogsoie aiaf^ganose dapositn 
of San Frcoeieeo U»s*jw or fctm the eee « t i c mifiganose 
aodolea, Tha preaestt day freah water f errantfigsinese 
oxides or the »an9tnsso ores of hot airing or ig in are 
poorer in Cu in conparision with sianganose ores of the 
- I M . 
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Pb h«9 a s l ight ly higher concentration in tha 
ntiPganaaa ores of the s t u ^ ai?«e thgn thoaa of Bh#idara 
dtatrict* Zndiiu Zta eoncvntration in other genetie types 
of mangitfisse ores is^ however sitxch higher thm in thase 
of the study area* 
Go i s more eltun^Hmt in the m«ing«ieM» o€ t^e 
study area thm in tho£0 o i she^idara d istr ic t* £ndi«* 
Barring oceanic manganese 3iK»diiIes and "voicanogenic manganese 
ores in ^ i c b Co i s eaeceptionaliy high and Xov rQ^cctiveXy« 
there i s not ouch variation in the tfsounts of Co in the 
other t «o gettotic types as coo^ared with the dHu^osits 
of the study area# 
Sn has miisth higher ceoicentration in the raegngimese 
ores o£ the study area thaia in those of voicanogenio manganese 
ores* There i s not auch variation in the cnount of m 
in the naingflfOLese iires of hot tiipriiig as eonpared with the 
di^^sits of the study avea* Sts coaeeiitration i s 
ejicii^tionally high in other t%io g ^ e t i e types as ooepared 
with the d<i^sits ef the study area* 
Ni i s s l ight ly lower in the mafngamese orey of the 
study airea than in those of Shandara district^ India and 
fresh water ferromavganese oxides* but air^h higher l^afi 
tlios* found In vol^snogmiic dti^sita* Itm 
conecntratioii ai^ ich higftcr in two oth^r gmmtXe tgpm 
of maagtgkf^ nm deposits « » compared with th« deposits of 
ths study « « « • » 
concentration of sr la s l i ght ly hi9her in ths 
rnmgm^m or «s of Bhandsrs distr ict* India than in th« 
aian^ines^ arms of the ll:ivair«r,it£ concentration 
i s much higher t h ^ those in the voleenogcnic manganese 
ox^a* dr has an exceptionally Mgh concentration in 
the matagdnese ores o£ hot i^^ring oreo* 
The average concentration of V in the ragnganese 
ores of the study area i a aljmost the smo as that found 
in mtfsgtftese ores of m«^dara district^ Xndie hut i t s 
eoncentratioil i s much l o M r thtfi those found in other 
genetic typ^s « f mangagnese ores* 
Mo has m «KCeptie«aXIy l ov eeneentration in the 
laangtfiese ores ef the s tu^ aroa* Coiitraatingly* ^ e 
eiament h«s a rwry high concentration in tho mutganeiie 
orss of v o i cMgen i e origin tfid moderately high in 
ece«nie »aag«Mse nodoles* on the other hind* li3ce the 
naiKi^ese ores of the study area« the fresh water and 
hot VRITIG ores are n^PRECIALLY in their M-O content, 
T tm the ahoire dlscusclon • basie BfMi-voieaaogenie source 
• l i i -
t 
of the mmgm*B* 0rmm of the study area i s n^arent 
rethor thati a ^ l c m o « n i c oae as the i r^emgen io 
mmgm^— oxldea aro characterised by the higher eonco* 
titration of Cwt vbt m« 8r« Mo, and v than the non«voleaft-
ogenlc manotfiese oaddes ( Hswett, e t al* Crus«t 
Ossa* 1970* Roshnov, mjWf 1970* ll9ore« KB*. I97l# 
Dorr. 1979, S l l l l t o e , 197S, Magarlts « i d 
Breiaiieir, 1979 Mid ssantop* 1981} • 
Ch4ipt«r VIZ 
Fttiiiior (1909) who f i r s t e l aaa l f i «d the o r « deposits 
of Bbii«i*^eoiiihar b « l t a« *L«t«s i toid* diM to tiieir 
•imilarit&e* %rith typioaJL l«tttri.to# suggestca th« t tlio 
dtposlta ovig i i i « t «d as « result of ••t«scinatle rc]pi«c«B«nt 
of the country roele* ainee than several opinions have been 
regarding the fomat ion of the n ^ t p e n e ore 
deposits of Bpnai^tteonjhar region* Sen ( l9Si ) attributed 
the foiraation of these o r * diposits to the naWftUe waters 
ejectincr luider sutaaarine conditions* Ohosh« P*K*i Dey« li*K* 
and Ohosh# K*B* (19S3) suggested that the m«ng«nese ores in 
lonai^KeonJhar area have been foraed by rtplgeanent in eruiihed 
#id f aalted aones of shales* XrishnaP (19S4) regarded the 
Keonjhar ores to be of np lacwent origin* Prasad Rao and 
Marthy (19SC) (Mid Engineer (19SC) believed that the n ^ t f i e s o 
ore daposits of Keonjhar region have been fomed as a result 
aC solution of rnmgm*— f rosi shale and i t s subsequont 
redistribtttien and eoaeentration in the oxidation aone* 
wasalvar* II.V* ( i9Sf« i9St}* mimrnrnm, li*V« i^d Mtfidyt ll*C* 
(19C7) and Pursty, b*O* ( i 9 f t ) held that the xock beds of 
the Iron Ore <11019 in Bsnai«K««nJhar region «Mlch wore rich 
in iron ^ d aiangafieso* were aeted vptm by eireulatin^ waters 
resulting in the foxmation of large and anall segregated 
• 112 . 
. H 3 • 
eC m^mmrnm orm in ttm tmm gMo9i««l. fosMnUMi 
hy of i«ifcl)ittg« « « fioiMMntrgUM* 
Hey ( 1 » M ) ^ f t t ths ^lapositm of K m i l i a r 
iMKVcc hmm f«Mni«d toy ihipmivwi* pfoe« i i « nitfi ln tn* 
none ef eaeidAtien m^ coBa&dMuna ttiM ipiQMietie* 
Ipcoraing « e l^sii ( ! » € • ) tlie deposits of 
K«oiijl i«r asMCiatcd nith «hc l « ar « syiigtBetic MXm 
thosa oecntrxiaQ in l « t « v i t e am Mconaafi^y «ncleliaa* 
ana aiiesli, ll»8« (1970) M l m atu^ptinff to 
t r « e e the m s H w m m t of fomatictti €if eir« bodiea 
M a t e d l i t M o g i e a l m i t a of ^ dipoaiticmc^ baaiii 
in ^«ida«acoira araa* eoasaidmd tua twm ^ «dth 
i ^ e h rnmgm^wm oro la aiMOCiatad to ba a -vo&egnogonie 
aodlaaatary aaquMiea* ati^a i a t^m maior atrat igriphio im i t 
of tha Oioi«» ooBtaioing laaaoa of oMonoao* i i o o oroa ate , 
fHoy liava a i «o atatad that tlio Otialo ond oii^roseoo oacidoa 
nora deposited i o cmda fliytlaiie b^idiim a ia i l a r to btodad 
hoiaUta Jaipor. Murtliy m^ mm— (1971) aiigfastad thut 
•oa% aC tlM iMsgi^aooiliar ova d « o a i t a in ONalo tfid in 
i a tov i t a idhieii liavo baan foaoad by aopovftoa paoeaaa i » memm 
OHidattoa aio « p i « « i o U o « Milio^atra* C1973) atatad 
that tha nonanHMO dipoaita of Bwni Ktmijhar aroa havo 
a paoado-baddtd oppoarswe fOMoblifig tha voodit io flipotita 
of tmidatyaKh «raa. Mo alaa «a«afdad thoao d09oaita ao 
ip igoaot io , ll^idy* «•€• #id fho iM ia (1971) cagardad tha 
* 114 • 
O f ho^m& of X « 0 I I | F I « R T O iiovo I M M I I fomod 
fegr ttio pioeoos of io«ehinf « w ^ l m m m t mA emmm^mUm 
ffWR tlio ««BgaKs080 tw«riii9 o i ^ o Sfon oro ciioi^* 
f l io for«9ein9 M o f f w i o w oC tho proviooo mtk 
OB tho goRoo&o o i tfM» mrnqmrnm oro d^pooito of soeoMCoonJhor 
cogioB 00 oo l i tho proMot invootigotioR m o n d Btrfc&l 
indic^too that tiieffo oro ^ r o o a ioUoet gtmotio ty|»oo of 
mmoDooo oro «mos i t o v i o « prtnoKy* oocc^dosy ifid iotort tota* 
?lie' ©fPffa^ios© oro of "^ftrtAl Im mrmrt^ily iwrjtictilor 
craflely iHtortJoaeted with c^Bitr^ rocl^ fiao 
l)o«n rog^dea os primary ore dcpoolt* Zt I s t y^ ico l i r 
em^l^ne^ dt httmitm otm^  ^^ftoitioito* Br^mlto i » f r i g9 i «n t o ry 
OBkd t ^dad th^ tntoivwfraipHinti!^ flipoe^o tn fermeiito 
«ro f i U o d br riyroliieito* ftio oro i o umuaiy f roo f r m 
ooy oAaiaturo of iron « i no ro i » « fho pwimtarf o foo ooono 
«o h«vt5 b»>oii dMTiirod f m aono p«o»oicloUri9 woB^onooo o«o* 
hoik of tim mmgtmm oros of tho otud^ oroo* 
obloti ooouro i o oiltoood aliolo or l i t lmttrgot i s gooori^iy 
•tyyoroowo m^ oollofoao* mmtim— tptmgy or coaerottofiory 
tfid ploo&ttio« f iM oro t o Highly orrot ic ma irroguior 
i o i t o ooeorr^ieoto vor t ioa i ly « i d i o t o r ^ l y * itm 
typiool miooroSlogiCidl ooooilAogo of tlio oro i o pyrolttoito 
Old oiypteooi^iot aoootlMo te'oonito i o oioo foood* 
* 115 • 
ocecseonally thm oxm also contains aapgapilt* polianit*, 
Th« alwBidanctt of e «U « foa i i»r« indicate th«t i t ha» 
isc9«iy bmii fomea fconi rntmm^** utidtr aenidl 
md pKmuanxm conditloiis* «lii« typm of eco 
has be«n r«g«rdtd m» •ocondary oro* ipcordlng to BoyMl* 
il»C« (1985) tho oro allowing various cellefoSB bafidiiig 
in th«B a n l i ka i y to lieva twan fomed at erdinaxy 
tcnparatutfa md pcaasure un<5«r gaological conditions* 
^ a i n he (1928) stated that more ntnganese wu ld bo 
trcaasnorted in eoHoidal scAutions then in true solutions 
tho precipitation would his rcipid* as the co l lo ida l 
solutions ere hetrogeneous* self ecmtained oind less 
on extemol factors* lAiile discussing the condition 
leading to the co l lo ida l dtposition of the secondary 
•lanamese ores of the Mdhra Vradesh State« India* comsluded 
that the aassiire botryoid^ deposits of ntfiganese of 
vishalch«»at»«i «Dd 8ri]Kgin|«K» Mdhra vradssh state hsve 
pnlbtiBlr originated as a result of alteration and ooneea* 
tratien of the smngtfiese in teeddsd daposits* Sarage* 
M^f* (193«) through His eiveriMeotal observations e«ne 
to the conclusion that the selutimi* trm^portation tfid 
precipitation of mtpqmm** ore a sisiple natural process 
which nust have operated in all geological igoo* md 
are takUig place even to-day* jroordliig to Msi* 
Quart Jour. Geol. Min. Met. Soc. India 
Vol. 54. No. 1 & 2, p. 1 8 - 2 3 , 1982 
MANGANESE ORES OF NISHKHAL AREA, DISTRICT KALAHANDI, ORISSA 
M O H D . AJMAL 
Department of Geology, Aligarh Muslim University, Aligarh 
Abstract 
The paper presents the results of ore-njicroscopic studies on the raineralogical 
composition, textures, microstructures and paragenesis of the manganese ores of Nishkhal 
area, district Kalahandi, Orissa, occurring within the manganiferous horizon of the 
Khondaiite series of rocks of Precambrian age. The Khondalite series is represented by 
quartzites, garnetiferous quartzite and garnetiferous sillimanite schists. The bulk of the ora 
occurs in nodular, kidney-shaped, botryoidal, stalactitic and mammillated forms—all of 
which may be considered as characteristics of colloidal origin. They are mostly composed 
of pyrolusite and cryptomelane-psilomelane and may be classified as (1) cryptomelane-
psiloraelane-pyrolusite ore and (2) cryptomelane-psilomelane-goethite ore. The ores are 
generally characterized by secondary alteration textures such as : colloform, replacement 
and vein. The primary ( meaning here metamorphic ) ore minerals are not found among 
these ores. The pyrolusite and cryptomelane-psilomelane are considered to have been 
formed as a result of deep secondary processes of ore formation. 
Introduction 
The manganese ores at Nishkhal were 
investigated by A.M.N. Ghose (1948-49) 
during his investigation of bauxite occurren-
ces when a number of deposits were located 
within a belt extending from Mina Khunti 
(19°18' : 83°12') to Pulabadi (19°09' : 83°12'). 
Later the deposits were studied by Prasada 
Rao and Murthy (1956) and also Murthy and 
Gokul (1966). The present paper is based 
on systematic studies of the Nishkhal manga-
nese ores under the microscope for the first 
time. Manganese deposits occurring north-
west of Nishkhal (19°13' : 83°13') are the 
best of those located in this area. The area 
lies in between N. latitudes 19°12' and 19''14' 
and E. longitudes 83°12' and 83°14' (NW of 
Nishkhal) and is included in the one-inch 
topographic sheet No. 65M/4 of the Survey 
of India. The area is accessible from Raya-
gada (19°05' : 83°25') station on the south-
eastern railway and forms a part of the 
Eastern Ghat region comprising of Khond-
alite series of rocks having strike ranging 
from NNE-SSW to NNW-SSW. Walker 
(1902) described the general geology of the 
Kalahandi area. The main drainage channels 
of the area cut across the ridges towards 
east with major tributaries flowing at right 
angle to this direction. 
The manganese ores occur within the 
manganiferous horizon of the Khondalite 
Series. Garnetiferous quartzite and garneti-
ferous sillimanite schists are the main host 
rocks of the manganese ores These game-
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tiferous rocks are also the important mem-
bers of the Khondalite series. The ores 
usually occur as distinct bands conformable 
to the country rocks which are highly 
weathered and friable, commonly referred to 
as manganiferous khondalites. The ore-
bearing bands are closely associated with 
intercalated lithomergic material consisting 
of quartz grains and white clays. The 
ore deposits dip either vertically or very 
steeply towards the east and strike NNE-
SSW. 
Ore Mineralogy and Textures 
Almost all the ores collected from the 
area, on megascopic examination, were 
found to be largely composed of pyrolusite, 
cryptomelane-psilomelane and wad. Fur-
ther, the mineralogical characters of the 
ore were studied under reflected light in 
polished sections. The major manganese 
ore mmerals in these ores are pyrolusite, 
cryptomelane-psilomelane ; additional ore 
materials include goethite and limonite. 
Pyrolusite : Finely crystalline to non-
crystalline variety of manganese dioxide 
mineral present is pyrolusite. It usually 
occurs in dusty, columnar of fibrous forms. 
It is commonly associated with nearly all 
types of ores in greater or lesser amounts. 
Under microscope the pyrolusite is white 
with a pale yellow shade or yellowish 
white and almost non-pleochroic ; the grains 
are feebly but distinctly anisotropic giving 
slate grey colours when examined under oil. 
Etch tests : HCI, HNO3, KCN, H g C U -
negative 
FeClg in HCI—darkens slightly 
H2O2 + H2SO4—stain black and 
the reaction is more rapid. 
Cryptomelane-psilomelane : This is the 
predominant mineral and occurs commonly 
in association with pyrolusite as nodular, 
kidney-shaped or botryodial masses. Cryp-
tomelane and psilomelane do no show distin-
ctive differences in their physical characters. 
However there is a marked difference in their 
both chemical composition and x-ray pattern. 
The formula of the two minerals, as 
suggested by Hewett and Fleischer (1960), 
a r e : Cryptomelate-KRgOis R M n " - M n ' ^ .; 
Psilomelane-BaRgOie, 2H2O, R M n " - M n ' ^ 
Under reflected light the minerals show 
acicular as well as massive forms. The 
colour is greyish white to bluish grey. 
Pleochroism is strong in shades of grey. It 
is moderately anisotropi. 






No other oxide or silicate minerals of 
manganese were detected in the polished or 
thin sections of the manganiferous rocks of 
ores of Nishkhal. 
Texture and Micro-Structure of the Ore 
Secondary colloform and replacement 
textures characterize the manganese ores of 
Nishkhal are and some ores have veined 
and granular textures (Figs 1 to 6). Most of 
the ores have their micro-fractures filled 
with supergene manganese ores. 
Colloform texture : Colloform texture is 
typically developed in the majority of the 
ores. The colloform bands differ in their 
composition as well as in constituent grain 
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Fig. I. Photomicrograph showing successive colloform rings of cryptomelane/psilomelane and 
pyrolusite. 
Fig 2. Photomicrograph showing cryptomelane-psilomelane and pyrolusi'e with gangue and 
pyrolusite occupying vugs m the ore 
Fig 3. Photomiciograph showing the presence of gangue at the centre of the colloform ore. 
F u . 4 Photomicrograph showing prismatic cryptomelane-psilomelane ore with irregular 
fractures filled with gangue and pyrolusite. 
hig 5. Photomicrograph showing replacement texture in which goethite grey has partly 
replaced pyrolusite (white). 
Fig. 6 Photomicrograph showing the filling of tntergranular space by Cfyptomelane-psilo 
melaoe. 
Magnification of all figures x 39 ) 
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form. The ores, displaying this texture, 
are composed of a series of concentric 
layers of cryptomelane and pyrolusite with 
curvature convex towards the younger sur-
face (Fig. !)• Some of the botryoidal forms 
of the ore have smooth and circular layers, 
whereas in others, the concentric layers are 
irregular and deformed. In every colloidal 
masses there is a small nucleus of ore or 
gangue around which alternating concentric 
layers of pyrolusite, cryptomelane and gan-
gue are developed (Fig. 3). The shrinkage 
cracks or syneresis in the colloform ores 
are filled with pyrolusite and gangue of 
later development. 
Replacement textures : T h e p r o c e s s o f 
replacement is generally restricted to easier 
paths of movement. In the initial stage, 
the replacing mineral is largely restricted to 
the grain boundaries of thereplaced minerals 
and to the spaces left open by the fractures, 
fissures and intergranular spaces in the 
country rocks as well as in the earlier 
formed ores which served as channel ways 
between the invaded manganiferous rocks 
and the mineralizing solutions. The evidence 
of replacement has particularly been noticed 
in those ores having cryptomelane and 
pyrolusite as their principal mineral cons-
tituents (Fig 5). 
Veined texture : In some of the polished 
samples of the manganese ores, irregular 
veinlets of pyrolusite occur frequently. 
Cryptomelane is commonly veined by pyro-
lusite having linear colloform bandings. 
In some cases thin cryptomelane veins of 
later origin cut across areas of earlier 
cryptomelane. Four generations of pyrolusite 
have been recognised on the basis of texture. 
The prismatic form of cryptomelane is 
fractured and these fractures at places are 
filled by pyrolusite (Fig. 4). 
Granular texture : This texture is exhibited 
by the cryptomelane ore, which is formed of 
aggregates of rounded to sub-rounded cryp-
tomelane grains of varying sizes. The 
grains of goethite are anhedral to subhedral 
in shape and the intergranular spaces are 
filled in by cryptomelane (Fig. 6). 
The following common assemblages of 
ore minerals are seen in most of the ores :— 
1. Cryptomelane/psilomelane-pyrolusite ore ; 
2. Cryptomelane/psilomelane-goethite ore. 
Cryptomelanelpsilomelane-pyrolusite ore : 
Generally the ore occurs in colloform 
masses. The crystalline variety of pyrolusite 
is generally formed in the open free spaces 
facing the outer surface of the colloform 
cryptomelane. In some cases it is also 
developed in the cavities or micro-vugs and 
small fracture spaces in the above mineral. 
Also, pyrolusite and cryptomelane/psilome-
lane both occur in alternating concentric 
rings. This assemblage of the ore is generally 
of higher grade. There are two generations 
of cryptomelane, the • earlier generation is 
banded and composes the inner part of the 
colloform ore, whereas the later generation 
occurs in close association with pyrolusite. 
Coarsely crystalline pyrolusite is commonly 
associated with this assemblage and 
developed on the outermost free surface of 
the colloform ore. 
Cryptomelanefpsilomelane-goethite ore : This 
assemblage of the ore is subordinate in 
amount. The ore, may be apparently 
massive goethite, replaces cryptomelane/ 
psilomelane partially. Some goethite en-
closes within it unreplaced portion of 
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cryptomelane/psilomelane. Their replace-
ment relation is often conspicuous. 
Paragenesis and Origin of Ores 
An attempt may now be made to 
interpret the textural and micro-structural 
features of the manganese minerals of 
Nishkhal area in order to determine their 
paragenetic sequence and manner of 
occurrence to some extent. 
The most dominant assemblage is that 
of crvptomelane/psilomelane and pyrolusite. 
Colloform texture is characteristically 
developed in these ores containing successive 
colloform bands or rings of cryptomelane/ 
psilomelane, pyrolusite and some gangue. 
Because the colloform cryptomelane and 
pyrolusite do not show any evidence of 
either successive or overlapping age relation, 
they appear to have been deposited more 
or less simultaneously. 
The other important assemblage of the 
cryptomelane-psilomelane-goethite ores also 
shows the colloform texture together with 
replacement texture of cryptomelane/psilo-
melane bv goethite. The textural relations 
of the minerals of this ore indicate that 
cryptomelane was the earliest mineral and 
goethite is the last mineral to be formed. 
The two above mentioned principal 
assemblages of the ores, which appear to 
have originated from colloidal gel of 
manganese, may be classified as deep 
secondary ores because they are encountered 
down to a considerable depth below the 
surface and their mineral assemblages indi-
cate that they were deposited by circulating 
meteoric water under the condition of 
normal temperature and pressure. 
The paragenetic sequence of the ore 
minerals, as based on their mineralogical 
and textural studies under ore-microscope, 
is presented as follows : 
Time of deposition 
pyrolusite 
Secondary manganese ores 






From the detailed study of the texture 
and micro-structure of the manganese ores 
of Nishkhal area it may be concluded that 
the original primary nature of the ores has 
been altogether obliterated as a result of 
solution, transportation and redeposition 
. by meteoric water through the supergene 
processes of replacement and enrichment, 
in the same stratigraphic horizon in which 
they were originally formed without leaving 
any clues as to the original form and nature 
of occurrence in the rocks. 
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Abstract 
The representative samples of the manganese ores from Nishkal area were collected 
and weight percentage of some important major oxides were determined. Major oxides 
in the studied area include MnO, SiOa, A I 2 O 3 , F e a O s (total iron), T i 0 2 , CaO, MgO, 
NaaO, K 2 O , P a O s and H 2 O + . A possible relationship was established by deter-
mining their correlation coefficient (r-values). Values exceeding .5, ( + , —) have been 
considered significant. 
The following chemical characters were noted in the ores : (1) an increase in 
variable amount of P2O5 with the increasing amount of F e a O s , (2) preponderance 
of (i) A I 2 O 3 over S i 0 2 , (ii) CaO over MgO, and (iii) N a 2 0 over K 2 O , (3) an increase 
in CaO along with an increase in MnO contents, (4) a decrease in the F e a O s , P2O5, 
N a 2 0 , A I 2 O 3 contents with the increase of MnO contents. 
It seems that a strong positive correlation exists between MnO and CaO, F e a O s 
and P2O5, H 2 O + and P2O5 and similarly strong negative correlation is notable 
between MnO and F e a O s , MnO and N a 2 0 , MnO and P2O5. AI2O3 and MgO, 
F e a O s and CaO, MnO and AI2O3. The solution which led to the alteration of 
these silicate rocks into ore, held Fe, Mn, Si and A1 as colloidal oxide and hydroxide 
particles and not in ionic solution. The varying concentrations of the positively 
charged S i 0 2 and Mn (OH)4 particles, and the negatively charged F e ( O H ) s and 
A 1 ( 0 H ) 3 particles in different parts of the deposits caused partial or complete 
flocculation in certain places by neutralization, and at other places stabilized the 
colloidal solution. 
Introduction 
The ore at Nishkal area occurs within 
the raanganiferous horizon of the khondalite 
series of the Eastern Ghat rocks of Precam-
brian age (Ajmal, 1982). Alteration of these 
rocks, which also took place in the Precam-
brian time, gave rise to rich manganese 
ore deposits. Fermor (1909) called them as 
Koduritic type deposits associated with the 
Precambrian metamorphosed rocks. Most of 
the manganese deposits of Koduritic associa-
tion are supergenetically altered giving rise 
to secondary oxides of manganese and have 
resulted largely from the colloidal deposition 
of manganese formed by the process of 
supergene enrichment. The relationship 
that exists between the manganese oxides on 
one hand and the major oxides on the other 
was established in the present work by 
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determining their correlation coefficient. The 
chemical analysis of the Nishkhal manganese 
ore showing the percentage of various 
major oxides is given in Table 1 and the 
correlation coefficient in Table 2 while the 
frequency (wt. %) distribution of these major 
oxides is shown with the help of histograms 
in figures 1, 2 and 3 
30 
H 10 
UI 0 i £ n 
I, I -L- I I I I t I 
2 3 
S l 0 2 % 
5 7 Al20j% 










I I I I I -J—J 0 4 08 12 16 
T.OJV. 







\ 0 & 
I I I I I I I I I ' l l I — I — j -
IS 2 0 
C i O ? J 
0 2 0 4 0 6 





1 1 1 , 1 
6 .9 





! 4 0 
; 3 0 
i 2 0 
) ' I 0 h 
J 
• 0 _r nn 
I I I I I I I I I 1 1 
0 10 2 0 3 0 . , 4 0 5 0 




^ 3 0 
u 2 0 I 10 £ 0 
L-L I I I I I L-J 
0 0 4 0 6 12 16 '205% 
n I 111 9 12 H20% 
Fig 3 
Distribution of Various Major Oxides 
The distribution of various major oxi-
des, namely S1O2, AI2O3, TiOj, FegOs (total 
iron), MgO, CaO, NaaO, K^O, MnO, P A 
and HgO^ m the studied manganese ore is 
as follows : 
Manganese Mono-oxide : The M n O contents 
range between 14 2 to 50 percent and show 
a mean value of 36.78 percent. -The maxi-
mum frequency (wt.%) of MnO is found 
ranging from 40 to 45 percent (Fig. 3A). 
Silica : The silica contents in the different 
manganese ores vary f rom 2 92 to 4.37 per-
cent with a mean value of 3.75 and the maxi-
mum frequency (.wt.%) is found in the range 
of 3.5 to 4 percent of silica (Fig. lA). Silica 
has no relation with the manganese contents 
in the ore as the value of the correlation 
coefficient (r) between MnO and S1O2 contents 
is—0.177235, which appears to be insigni-
ficant Indicating that the silica contents m 
these manganese ores are independent. 
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Alumina: The AI2O3 contents in the 
manganese ores vary from 5.57 to 9.31 
percent and with a mean value of 7.38 per-
cent. The maximum frequency lies between 
7.1 to 8 percent alumina (Fig. IB). The value 
of correlation coefficient (r) between the MnO 
and AI2O3 contents is —0.642305, which 
appears quite significant indicating that the 
two constituents AI2O3 and MnO are inver-
sely proportional, or in other words with the 
increase of AI2O3 there is a decrease in MnO 
contents and vice versa. 
Titanium oxide : TiOa varies from 0.23 
to 1.98 percent with a mean value of 0.79 
percent. The maximum frequency (wt.%) 
lies between 0.6 to 0.8 percent of TiOa 
(Fig. IC). The estimated correlation coeffi-
cient (r), between the MnO and TiOj 
contents is —0 202787, which appears insigni-
ficant. It shows that the distribution of 
Titanium oxide in manganese ores is inde-
pendent of the MnO contents. 
Ferric Oxide : FcjOa (total iron) in the ore 
varies from 4.07 to 34.6 percent having a mean 
value of 12.21 percent of the iron content. 
The histogram (Fig. ID) shows that the maxi-
mum frequency lies between 5 to 10 percent 
of total iron. The value of correlation 
coefficient (r) between MnO and Fe203 con-
tents is —0.93712, which is indicating an in-
verse relation between manganese and iron 
contents. 
Calcium oxide : CaO varies from 12.54 to 
23.89 percent giving a mean value of 18.91 
percent. The histogram (Fig. 2A) shows 
that the maximum frequency varies from 17.5 
to 20 percent of CaO. The value of correlation 
coefficient (r) between MnO and CaO con-
tents is +0.734283, which is quite significant 
indicating their mutual affinity and propor-
tional quantitative decrease or increase.. 
Magnesium oxide : Magnesium oxide varies 
from 0.14 to 0.92 percent with a mean value 
of 0.43 percent. The maximum fre-
quency is found in the range of 0.2 to 0.3 
percent of MgO (Fig. 2B). The value of 
correlation coefficient (r) between MnO and 
MgO is4-0.542134 showing that the two 
constituents have no significant chemical 
relation. 
Sodium oxide : Sodium oxide ranges from 
2 4 to 10 percent with mean value of 
6.62 percent. The maximum frequency 
(wt. %) is found ranging from 6 to 7.5 percent 
of CaO (Fig, 2C). A strong negative correla-
tion exists between NagO and MnO as indi-
cated by the value of correlation coefficient 
(r) —0.729743. It is evident that MnO and 
NajO contents are inversely proportional, or 
in other words with the increase of NagO there 
is decrease in MnO contents or viceversa. 
Potassium oxide : KgO contents vary from 
2.85 to 6.95 percent with a mean value 
of 4.89 percent. The histrogram (Fig. 2D) 
shows that the maximum frequncy is 
notable in the range of 5 to 5.5 percent of 
K2O A poor negative correlation exists bet-
ween K2O and MnO contents which is 
indicated by the value of correlation coeffi-
cient (r) —0.365868, which is insignificant. 
Phosphorous Pentoxide : P2O5 varies from 
0.24 to 1.5 percent and gives a mean 
value of 0.68 percent. The maximum frequ-
ency is found to vary from 0.41 to 0.8 
percent of P2OB (Fig. 3B). A strong negative 
correlation exists between PaOg and MnO 
contents. The value of correlation coefficient 
(r) between MnO and P2O5 is, —0.751221, 
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which appears significant and indicating there-
by that the two constituents PjOs and MnO 
are inversely proportional to each other. 
JVater (H jO^ , loss of ignition): The 
content HgO'^ ranges from 5.06 to 12.84 per-
cent with a mean value of 7 3 percent. The 
maximum frequency is found in the range 
of 4.5 to 7.5 percent of H^O^ (Fig. 3C). 
A moderate negative correlation exists 
between the water and MnO contents 
which is indicated by the correlation co-
efficient (r) -0.5655537. 
AI2O3 has inverse relation with MgO 
which is indicated by the value of corre-
lation coefficient (r) -0-800005. A strong 
positive relation exists between P2O5 and 
FeaOj contents which is evident by the value 
of correlation coefficient (r) +0.706186. 
The P2O5 appears directly proportional to 
that of iron contents ; similarly FcaOg 
contents are proportional to AlaOg-; the 
correlation coefficient (r) between iron and 
alumina is -1-0.572671. Iron contents show 
a strong negative correlation with CaO as 
the value of correlation coefficient (r) is 
-0.872497. It is almost certain that both 
the constituents, FcaOg and CaO are 
inversely proportional. PaOg content shows 
a strong positive correlation with water in 
the ore as indicated by the value of corre-
lation coefficient (r) which is -|-0.703390. 
Conclusions 
The major oxides present in the different 
manganese ore samples have been quali-
tatively as well as quantitatively determined 
in order to study the chemical characteristics 
of the manganese ores. The studied major 
oxides include MnO, SiOg, AljO.,, FejOg 
(total iron), TiOj, CaO, MgO, NagO, KgO, 
PaOg and H2O+. Their pattern of distri-
bution and variation ranges in the ore 
are presented and discussed in the present 
paper. 
Both iron and phosphorus oxides show 
a strong negative correlation with MnO 
contents. CaO has a positive correlation 
with MnO, on the other hand it shows 
a negative correlation with iron oxides. 
AI2O3, NagO also shows a negative corre-
lation with MnO contents. The pattern 
of distribution of major oxides can be 
easily explained if it is assumed that the 
Mn and Fe were in colloidal state during 
supergene alteration. Oxides were adsorbed 
on the surface of the colloidal particles, the 
cation to the negatively charged Mn(OH)4 
solution and anion to the positively 
charged Fe(OH)3 solution. This adsorption 
aided by the mutual interaction of the 
oppositely charged colloids, perhaps led to 
flocculation due to neutralization of the 
charge on the colloids. Mineralogical and 
chemical characters of the ores indicate 
the following changes consequent upon 
the alteration of the silicate rocks into 
ore : (1) Mn^^" and Mn3+ completely oxidised 
to Mn*^- ; (2) Fe^^ oxidised to Fe® + ; (3) SiO^ 
and AI3O3 removed; SiOa dissolved first 
and then AI2O3 ; (4) CaO and MgO partly 
removed and CaO preferentially enriched. 
(5) Enrichment in K2O and NajO. (6) 
Other constituents some of which were 
contributed by the circulating solution, distri-
buted in the ore with a definite pattern. 
The distribution pattern of the major 
oxides clearly indicate that Mn and Fe 
passed through a colloidal phase before 
precipitation as the oxide ore. 
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A NOTE ON THE DEEP SECONDARY MANGANESE ORES OF NISHKHAL AREA, 
DIST. KALAHANDI, ORISSA 
M O H D AJMAL 
Department of Geology, A-M.U., Aligarh. 
ABSTRACT 
The present investigation concerns with the problems relating mainly to the processes 
involved in the deposition of deep secondary manganese ores, associated with the garnetiferous 
hoi izon of the Khondalite series of Pre-cambrian rocks of Eastern ghats. 
At first, attention has been drawn at some length to the view points of some of the 
experimentalists on the chemical and environmental factors controlling the deposition of 
secondary manganese ores 
As regards their source, it is suggested that the secondary manganese ores are primarily 
derived from local sources i e. the manganiferous horizon within the khondalite initially having 
some sparsely distributed primary manganese ores. Fast weathering of the primaiy ores under 
the influence of tropical climate and subsequent solution of the weathered manganese by 
meteoric waters, moving down chiefly along the, foliation planes, vugs, small openings and 
fracture spaces within the host rocks. 
Since the secondary manganese ores abound in colloform manganese dioxides, an 
attempt has also been made to discuss briefly the processes of colloidal deposition of the ores. 
INTRODUCTION 
The occurrence of manganese ores at Nishkha!,JCaIahandi district, Orissa, was first 
recorded by Ghose (7), during his investigation of bauxite Recurrences, who reported the 
manganeses ores from the manganiferous horizon within the khondalite series of rocks of 
precambrian age. Later the deposits have been described briefly by Rao et al 
The deposits occuring north-west Nishkhal ( I9°13 ' : 83°i3') were studied by Murthy 
and Gokul (10), who reported that almost all the ore is magascopically seen to be composed of 
Psilomelane/cryptomelane and pyrolusite type and are of the opinion that the circulating water 
has played important role in the enrichment and formation of the ore deposits. 
• The members of the khondalite series associated with the manganese ores are quartzite, 
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garnetiferous quartzite and garnctiferous-sillimanite. schist, schists and quartzites are the main 
host rocks of the manganese ores. 
MATERIALS AND METHODS 
General nature and mode of occurrence 
The deposits near Nishkhal occur along a stretch of about 2 k.m. in north-east direction 
from the village. The area over which manganese* ore occur consists of highly weathered rocks 
of the khondalite series. The ore usually occurs as distinct bodies conformable to the country 
rocks which are highly weathered and friable, commonly known as manganiferous khondalites. 
The ore bands are closely associated with lithomargic material consisting of quartz grains and 
white clays which also occurs as interclation in the ore. Gradation of high grade and medium 
grade ores into ferruginous ore or manganiferous limonite along the strike is also seen. 
The high grade ore and the ferruginous ores are usually compact, massive and hard. 
Siliceous ores are generally medium to fine grained and more friable. The low grade ores or 
manganiferous rocks are morefriable. Roy (12) noticed the following trend of change in 
original manganese minerals by supergene oxidation among the metamorphosed manganese 
formations of India: 
Hausmanite (most easily altered) Pyrolusite 
Braunite (easily altered) K-absorption-crypltomeane 
Hollandite (easily altered) In case of alteration from Hollandite. 
Rhodonite (easily altered) Cryptomelane contains variable amount of Ba 
Jacobsite (manganese rich fairly stable) Pyrolusite 
Jacobsite (iron rich) Hematite 
Bixbyite (very stable) Pyrolusite and/or cryptomelane 
SOURCE 
The deep secondary manganese ores of Nishkhal are composed of simple manganese oxide 
minerals indicating their formation under oxidising conditions. It is believed that the simple 
chemical composition of the metallic minerals of secondary manganese ores is probably due to 
their formation at low temperatures which restrict the extent of isomorphous immiscibility 
Goldschmidt (6). It is also evideat that in the absence of any primary oxide minerals, the 
meteoric waters played an imp^tant role in the concentration of manganese ores at Nishkhal 
from local sources, i.e. from the manganiferous horizon within the khondalite suit of rocks. 
There are several instances of concentration in Archaean rocks of secondary ores of manganese 
from local sources in other parts of India and the world as well, Murthy and Gokul (10) are 
of the opinion that the circulating water has played important role in the enrichment and 
formation of these ore deposits. Dunn (4) was of the opinion that the ores occuring near 
Chaibasa, Singhbhum, originated from an under lying manganese bearing rocks of the iron ore 
series due to solvent action of non-magnatic rocks. 
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General Conditions of deposition 
It is generally believed that per colating water carrying ore solution of variable strength 
were largely responsible for the concentration of deep secondary manganese ores. Opinion 
regarding certain chemical factors involved therein, however, differ widely Savage (13) through 
his experimental observations came to the conclusion that, "the solution, transportation and 
precipitation of manganese are a sequence of simple natural process which must have operated 
in all geological ages, and are taking place today. Whenever, manganese occurs in the rocks 
carbondioxide and water are available to take manganese into solution" under certain physico-
chemical conditions which helped in the transportation and their subsequent precipitation. 
Zapfee(18) concluded that "manganese may be precipitated as oxides if solutions be slightly 
alkaline and contain plenty of free oxygen." 
The source of oxygen in his opinion was biochemical. In another paper Zapffe (17) 
remarked that the atmospheric oxygen could not react with the solution, so long as the 
manganese hydroxide remained neutral or weekly acidic, but in alkaline solutions the reaction 
is effective in causing precipitation of manganese oxides. Lanher (9) on the basis of experi-
mental data on the oxidation of manganese solution in air, remaiked, that the deposition of 
pyrolusite, the most plentiful of manganese ores in nature is doubtless, the result of a series of 
reactions of neutralization and oxidation. 
The manganese ores are composed predominantly of pyrolusite cryptomelane-psilomelane. 
They are charcteristically free from any manganese silicate minerals and primary oxide 
minerals. 
Deep secondary ores 
Fermor (5) defined the deep secondary manganese ores are those which were formed in 
all probability in depth during the Archaean times. Since most of the workable manganese 
ores, which are being exploited from the ore deposits at Nishkhal have been struck at depths 
varying 350-400 feet below the persent surface level in some of the boreholes, sunk in the area 
hence they may be called deep secondary ores. The ores, being composed largely of Pyrolusite, 
Psilomelane-cryptomelane Ajmal (1), are generally colloform and vuggy (Fig. 1). These ores are, 
therefore, distinguished from the lateritoidor superimposed manganiferous formation formed as 
a result of leaching of disseminated manganese ores in low grade primary manganiferous rocks 
at or near the surface see Varenstov (15). The primary ores, which are intimately associated 
with the deep secondary ores, constitute an insignificant part of the workable manganese ores of 
Nishkhal. Although the primary ores have suffered wide-spread alteration into secondary 
ores as a result of supergene oxidation, solution and redeposition in the same horizon in 
which they were originally formed hot waters circulating through the fault zones in the Kolhan 
series. According to Spencer (14) most of the mangnese ore deposits of the Jamda-Koira valley 




Since the bulk of the secondary manganese ores of Nishkhal occur in various colloform 
bodies, it would be interesting to discuss here the probable condition leading to their colloidal 
deposition. Secondary ores of manganese are almost universally composed of colloform bodies 
of pyrolusite psilomelane-cryptomelane and some other minerals (Fig. 3, 1) the colloform 
manganese ores of Nishkhal have probably originated in a way very similar to the massive 
botryoidal deposits of manganese of Srikakulam and Vishakhapatnam Krishna Rao, (8), which 
"are formed by the alteration and concentration of the manganese in the bedded deposits". 
According to Watson (16) colloform ores may be formed in one of the two following 
ways :— 
1. Transportation of the constituents of the ore in true solution and their precipitation as 
colloids at the site of deposition. 
2. Transportation of the constituents in a colloidal solution and their flocculation at the site 
of deposition. 
According to Roy (12) "the formation of manganese dioxide ore was brought about 
by invading colloidal gel rather than just by enrichment in situ supergene oxidation or weather-
ing. According to Boydell the ore showing various colloform structures are of colloidal 
origin and the colloform landing in them are likely to have been formed at ordinary temperature 
and pressures under geological conditions. 
CONCLUSION 
Most of the deep secOndury manganese ores, which constitute the bulk of Nishkhal 
workable ores, originated during the precambrian times as a result of weathering of source 
protore of manganese under tropical climatic conditions. The enrichment and concentration 
of the ores were largely accomplished by meteoric waters circulating through the same country 
rock in which they were originally formed. It may be expected that the mineralizing solutions 
have travelled downward in the zone of oxidation chiefly along the foliation planes, vugs small 
openings and fracture spaces within the host rocks. 
The preponderance of colloform minerals in the deep secondary manganese ores indicates 
that they were derived largely from the colloidal manganese gel. Since colloidal solutions are 
heterogeneous, self-contained and less dependent on external factor Boydell (2), more 
manganese is expected to be transported in colloidal solutions than in true solution and be 
precipitated rapidly. 
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EXPLANATION OF FIGURES 
Fig. 1. Photomicrograph of polished colloform manganese ore showing alternate concentric 
bands of psilomelane-cryptomelane and pyrohisite (x 56). 2. Photomicrograph 
showing the presence of gangue at the centre of the colloform ore (x 56). 3. Photo-
micrgraph showing successive concentric bands of psilomelane cryptomelane and 
pyrolusite of the colloform ore (x 56). 
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Distribution nf the major oxides in the 
manganese ores of Podakana Area, 
Disteict Kalahandi, Orissa. 
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Department of Geology, Aligarh Muslim University Aligarh. 
AB^ACT 
A 
The representative Sainples of the manganese ores from Poda-
kona area, District Kalahandi, orissa were collected and some important 
major oxides (wt%) were detetmined. The relationship between the major 
oxides on one hand and the manganese oxides on the other is established 
by the determination of correlation coefficient. 
V 
The ores are found to be characterised by (1) Pe<pondorance 
of Al2 O3 over S1O2 (2) Perponderance of CaO over MgO (3) piiponder-
ance of Na2O over K2O (4) Variable amount of P2O5 increasing with 
increased amount of Fe2 O3 total iron), while Fe2 O3 , P2 O5 are 
inversely proportional to the MnO contents in the ore. 
I N T R O D U C T I O N 
The occurrence of manganese ores near Podakona '(19°12': 
83°13') district Kalahandi were investigated in the early part of the middle 
of this century by Ghose^ ArMN.(l949'). These deposits have been briefly 
described by Prasad, Rao. and Murthy. (1956). Ajmal, & Ghauri, 
(1980). 
In the present investigations the ore samples from different ore 
bands w6recollected in order to determine the various majoroxides (wt%) 
and the samples were analysed for their major oxides by the rapid method 
of silicate rocks (Shapiro and Brnnoc-k, 1962). The major oxides 
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Mohd. Ajmal & R. A. Akhunji 
qualitatively as well as quantitatively in order to study the chemical 
characteristics of the manganese ores. The studied major oxides include 
MnO, S iOa^AlzOs , F e a O s ' t o t a l iron), T i 0 2 , C a 0 , M g 0 N a z O , K 2 O , 
P2 O5 and i t i O + (Table I). The relationship between MnO and other major 
oxides are established by the determination of their correlation coefficient 
(Tible II) when one variable increases with the decrease of the other, 
the correlation is 'negative' and when both increases or decreases 
simultaneously, the correlation is 'positive'. 
Distribution and relationship : 
The distribution and relationship of the various major oxides 
ie. S i 0 2 , AI2 O3 , T i 0 2 Ft2 O3 (total iron) MgO, CaO, Naa O K2 O, 
MnO, P2 O5 and H2 0 + in the Podakona manganese ores are as follows :-
S i 0 2 - The silica ranges from 2.92% to 4. 11% and gave a mean 
Value of 3.62%. 
Silica have no relationship with the manganesecontents in the 
ore as the value of correlation coefficient(r) between MnO and SiQ^L 
contents is—0 043866. 
AI2O3 : The alumina content varies from 6.42% to 8,11% and 
gave a mean value of 7.33%. The value of correlation cQpfficient (r) 
between MnO and AI2O3 contents is-0.419602, which shows 'a moderate 
negative correlation between the two contents or their inverse relation 
with each other. 
T i 0 2 : Titanium oxide varies f rom. 0.33% to 1.21% and gave a 
mean value of 0.72% The value of correlation coefficient between TlOa 
and MnO contents is-0.374542, which shows t h a t the distribution of 
titamium oxide in manganese ores have a poor converse relationship with 
the manganese contents. 
FeaOs (total iron): The iron contents in the manganese ores 
varies widely from 5.12% to 30.00% and gave a mean value of 10.98% 
All gradations from low iron to high iron are present in the ore. The 
value of correlation coefficient (r) between Fe^Os and MnO contents 
is-0.971436, which is quite significant and shows that the manganese and 
iron are inversely proportional or in other words, with the increase of iron 
there is a decrease in manganese oxide and vice-versa. 
142 
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MgO:-Magnisium oxide varies f rom. 21% to .82% and gave <a 
mean value of 0.46% The value of correlation coefficient (r) between 
MgO and M n O contents is 0.379261, which indicates tha t the two con-
stituents have no significant chemical relation. 
Cao-: Calcium oxide varies from 18.04% to ^ 8 5 % and gave a 
mean value of 19.74%. The value of Correlation coefficient between MnO 
and CaO contents is 0. 322695, which indicates a moderate positive rela-
tion positive relation between the two contents and their mutual affinity. 
Na20-: Sodium oxide contents varies from 5 20% to 10.00% and 
gave a mean value of 6.62% The value of correlation coefficient between 
MnO and Naa O contents is-0.162935, which is insignificant. 
K2 O :—Potassium oxid contents varies f rom 3.85% to 5,00% 
and gave a mean value of 4.42%. A poor negative correlation exists 
between K2 O and MnO contents which is indicated by the value of 
correlation (r) (—0.176244), which is insignificant. 
MnO :—Maganese monoxide ranges from 16.20% to 50.00% and 
gave a mean value of 39 32%. All the gradations from low manganese 
to high manganese are present in the ore. 
P2 O5 :—Phosphorus pentoxide ranges from .24% to .85%, and 
gave a mean value of .57% A negative correlation exists between P^ O5 
and MnO, which is indicated by the value of correlation coefficient (r) 
(—0.586617) or in other words P^ O5 and MnO contents are inversely 
proportional. 
H 2 O + :—Water ( H 2 O + ) contents varies from 5.11% to 
9,84% and gave a mean value of 6.53%. A negative correlation exists 
between the water and the M n O contents in the ore which is indicated by 
the value of correlation coefficient (r) (—0.642137). 
Conclusion : Iron, Phosphorus, Alumina and water show a negative 
correlation witli MnO contents or in o t h e r words there is a decrease in 
Fea O3 , P2 O5 J Ala O3 and H2 O + contents with an inciease in M n O 
content. CaO and Mg'O both sbows a moderate positive correlation with 
M n O contents, while iron have a negative correlation with CaO and 
M n O and positive with P2 O 5 . CaO have a negative correlation with 
Na2 O contents. 
1 4 3 
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AI2 O3 and P2z O5 contents are directly proportional to the iron 
contents. Titanium oxide have a negative correlation with the K 2 O and 
Na2 O contents. 
The chemical characteristics of the manganese ores are 
summarised as fo l lows:— 
()) Iron and phosphorus increases with the decrease of MnO 
contents while phosphorus increases with an increase in iron 
contents. 
(2) CaO and MgO contents have a mutual affinity with MnO 
contents, 
(3) AI2 O3 always more than SiOa contents. 
(4) CaO is greater than MgO. 
(5) Naa O is greater than K2 O. 
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A Note On The Mineralogy And 
Texture Of The Manganese Ores Near 
Podakona District Kalahandi, Orissa 
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Department Of Geology, Aligarh Muslim University, Aligarh 
A B S T R A C T 
The paper presents results of the ore-microscopic studies on 
the mineralogical composition and textures of the manganese ores of 
Podakona, Kalahandi district, Orissa. The ores occur within the 
manganiferous horizon of tha Khondalite series of Pre-cambrian age, 
as nodular. Kidney shaped, botryoidal and mamillated forms and 
indicate all the characteristics ot colloidal origin. The ore mostely 
consists of pyrolusite and cryptomelane and are generally characte-
rised by colloform, Veined and granular texture. 
I N T R O D U C T I O N 
The occurrance of manganese ore near Podakona (19 '12 ' : 
83°13') district kalahandi, were investigated by Ghose, A.M.N. (1950) 
when a number of deposits were located within a belt from Mina-
khunti (19^8 ' : 83°13') to Pullabadi (19 09' : 83^2 ' ) the deposits 
of manganese ore near podakona have been described briefly by 
Prasad Rao and Murthy (1956). 
A Note On The Mineralogy And Texture Of The Manganese 
The area forms a part of Eastern Ghat region, the rnajoi' 
hills contain mainly the Khondalites and quartzites and trend in 
NNE-SSW direction. The main drainage channals cut across the 
ridges towards east or ESE and the major tributries flow at right 
angle to this direction, t h e main streanl is locally known as Badagad 
Nala . 
The manganese ore deposits kt one km, td east of Podakona 
are floted f rom the north bank of the Badagad Kala along the sheared 
contact between calc-silicate rocks and khondalites. 
The other deposits lies hear about 375 meters WSW of 
Podakona within the manganiferous khondalites, eleven or twelve 
meters above f rom its contact with the Calc-silicate rocks. 
The major portion of the ore lies within the Khondalites 
but at some places the contact is sharp where the western wall of 
the deposit forms Calc-silicate rocks. However, at some places both 
the eastern and western walls (Khondalites) are Keolinised and the 
contact appears less sharp. 
The deposits are either vertical or very steeply inclined and 
occur as conformable bodies with steeply dipping persistant zone of 
highly weathered, chocalate or pinkish coloured and friable rock, 
which is being tentatively called "Manganiferous Khondali tes". 
All the previous authors, who described the manganese ore 
deposits around Podakona based their observations on the micro 
scopic characters of the ore, but unfortunately none of them made 
an at tempt to investigate their mineralogy and texture under reflected 
light. 
MINERALOGY O F THE ORE 
The mineralogical characters of the manganese ore minerals 
which are identified in polished sections under reflecled light, are 
given below. 
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EXPLANATION OF FIGURES 
FIG. 1:- Photomicrograph showing colloform texture. 
FIG. 2:- Photomicrograph showing the prismatic cryptome-
lane is fractured, and the fractures are filled by 
pyrolusite and gangue. 
FIG. 3:- Veins of cryptomelane in pyrolusite. 
FIG. 4:- Granular texture shown by cryptomelane grains. 
Pyrolusite 
The mineral is commonly associated with the other minerals. 
Pyrolusite occurs in crystalline to non-crystalline forms of manganese 
dioxide. Colour appears white with a distinct Yellow tint in oil. 
Pleochroism-distinct in oil grayish white to Yellowish white. 
Anisotropism feebly anisotropic giving yellow, brown, slate gray 
colours. Extinction is straight with four distinct extinctions per 
revolution. 
Etch test - Negative - H N O 3 , HCL, KCN, KOH, H g C L j . 
H2 S04 (concentrated). Permanently tarnishes some speci-
mens gray-brown. 
SnCla (saturated) + H c l (concentrated) - Blackens instant-
neously 
Cryptomelane-psilomelane 
It appears to be the most important and predominent of 
the ore and occurs generally along with pyrolusite. The difference 
between cryptomelane and psilomelane can only be established by 
X-ray diffraction analysis. The mineral occurs as nodular, kidney-
shaped or botryoidal and stalactitic forms. Colour is grayish to 
bluish gray. Pleochroism distinct in shades of grey under high 
power. Anisotropism strong and it is almost indistinct due to the 
very f ine grained nature. 
Etch t e s t : Negative-HCN, KOH, H2 SO4 (concentrated) 
Positive-Hcl-parmanenlly tarnish light brown 
fumes Fe CI3 - light gray Hz O2 - effervescence. 
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TEXTURE 
1. Colloform texture :- Colloform texture is typically 
Tdeveloped i n ' t h e majority of the ores. The colloform bands differ 
in their composition as well as informs. The ore showing "this 
texture, are,_ composed of a series of concentric layers of cryptome-
lane and pyrolusite with the slight carvature convex towards the 
younger surface. In every colloidal mass there is a small nucleus 
of ore or gangue around which alternating concentric layers of 
pyrolusite, cryptomelane and gangue are developed (Fig 1) 
2. Veined texture :- In some of the polished blocks of 
the ore irregular veinlet of pyrolusite occurs frequently. Cryptome-
lane is commonly veined by pyrolusite having linear colloform 
banding. At some places the microfractures appear also filled with 
massive or crystalline mineral and gangue. The prismatic form of 
cryptomelane is fractured which at places are filled by pyrolusite. 
Three generations of fractures are generally observed at places, filled 
with gangue. Fig 2,3. . 
3. Gramular texture :- The texture is exibited by cryptome-
lane ore which is an aggregate of rounded to sub rounded cryptome-
lane grains of varying size, Fig 4. ' 
' MINERALOGICAL ASSEMBLAGE OF THE ORE 
Cryptomelane psilomelane-pyrolusite ore:- This type of 
remarkable assemblage of manganese ore minerals found in the 
manganese ores of podakona. 
Generally the ore occurs in colloform masses. Crystalline 
variety of pyrolusite is generally formed in the open and free spaces 
facing the outer surface of the colloform minerals. In some cases 
it is also developed in cavities or vugs and microfractures in the 
colloform ore. Cryptomelane and pyrolusite both occur in alterna-
ting concentric rings. Coarsely crystalline pyrolusite is commonly 
associated with this assemblage and developed on the outer most 
free surface of the colloform ore. 
CONCLUSION 
The major part of the manganese ore has resulted from 
supergene concentration and enrichment by the meteoric waters. 
A bulk of podakona manganese ore are composed of colloform ores 
and it is evident that manganese 'gel' was mainly responsible for the 
enrichment of the ore. 
3 9 ^ 
A Note On The Mineralogy And Texture Of The Manganese 
According to Boydall (1928), more manganese would be 
transported in colloidal solutions than in true solutions and the 
precipitation would rapaid, as the colloidal solutions are heteroge-
nous, self contained and less dependent on external factors. 
The characteristic feature of the ores is the colloform 
texture exibited by pyrolusite-cryptomelane, corcentr ic bands, 
composed of cryptomelanc, pyrolusite and their ii t imate mixtures, 
alternate. This suggests the origin of the ore from a gel by super 
gene enrichment of the ore which was probably carried by the 
circulating meteoric water. 
ACKNOWLEDGEMENTS 
The authors are thankful to Prof. S. H. Rasul under whose 
able guidance this work is being carried out and for pro\ iding all 
possible help and facilities in the department. We are also thankful 
to Mr. Noman Ghani for valuable suggestions. Financial assistance 
by U. G. C. is gratefully acknowledged. 
REFERENCES 
1. Bastin, E. S.; 1950 Interpratition of ore texture pp : 
20-32. 
2. Boydall, H. C.; 1928 Operative causes M ore depo-
sition. Trans. Tust. Min., Met. Vol. 37 p. 100. 
3. Dunn, J. A.; 1936 A study of some microscopical 
aspects of India manganese ores. Trans. Nat . Inrt. Sci. India. 2 ( 7 ) . 
4. Hewett, D. F. & Fleijcher, M; 1960 Deposition of 
manganese oxides. Eco Geol. V. 55 pp. 1-55. 
5. Rasul, S. H.; 1965 The manganese ores of Shivrajpur, 
distt. Panch Mahal, Gujara t State India. Eco. Geol. Vol. 60 p. 161. 
6. Short, M. N.; 1931 Microscopic determination of ore 
minerals U. S. Geol Surv. Bull. No . 825. 
7. Uytenbogaardt , W; 1951 Table for microscopic identifi-
cation of ore minerals. Princeton university Press, Princeton. 
8. Zapffe, C.; 1931 Deposition of manganese Eco. Geol. 
Vol 26 pp. 799-832. 
40 
llitt e^ ^ pr*Mfit inwmtl99itXoR ha* 
to InvMtigatc the n«tun» of « in « r « l i s « t iQ i i eC 
o r * avemna B«it i l# lMoiiJli«r d i s t r i c t , Ori-
8t«tc« with partieiaar r « f « r «Be « t o tha noa* of 
eeeurrcne** ninaraiof f ^ ^ ^mchmimtry of the n«fig-
or «s , Oit« cttaiitioe aiso bean given to the 
l i the»etret igr«>hy, petrogrgphy m^ ehemical neture oC 
the -host rock of the ore deposits. 
fhe present investigation «ra« carried out arou-
nd Barbil C22^  07* • B ^ 24*), ^ s s a A State, i ^ e h 
fesMis a part of the fmmm horse^shee shapped Bonai* 
•yneliiieriiit of the senth ainghbhitii region oC Xastem 
» \ 
Zedia. 
f i le atiidr area# nhich l i e s betwem north letit«ides 
21^ 0* • 22^ 10* « i d east lengitades 20* * 8$^ 90* • 
i s ineluded in the ene^ineh tepeffraphie sheet le.73ir/i 
ef Surrey of India. the area, ehieh i s bounded on the 
- 118 -
• 119 * 
west hy Biixii«»Biol#ii h i l l s m6 Xm»m nOiwly" mi the 
by fhalmrtfii • Jdd* hi l ls* t m t m ^ O T S T • part of th « 
X m ore Orovp of roehs of ^nMsaabrim ag** f ^ i w i * 
e l ly » ths Oxwi^ fofnia • synclinoriwa pXmigimg at 
lew m g l w towaras MRt tfid ovartiimea towards 8B tfid 
eonaists of a saqnme^ of natasadinaints* natabasies and 
«ltra>>aaie8* The reeks of this groi?3 were af fected 
by several orogenic nevements within the time period 
of 3200 to 8S0 iB*y» 
fhe rock foxnations tfid ^ e i r seqaance encoimte* 
red in the study area are «iiren as foUowsi 
Xwon o r e onuip 
I Latarite 
I 
I « i a l e 
j Btfided HMatite Ja4?«r 
I Basic l a r a 
fhe roek fomations- eC the s t a ^ area 
str ike Mm - Stir« with a veneral dip towarda Miiw. Hie 
Btfided HMatite Jaaper f oima the two liitha ef the 
syiieliiioritiii while the eantral part* «4iich f oms a 
• l ao -
btttiicati the tM» l l » b » i s oeeiijpi«d 
by shal* i^ich host* the rntm^m— e r « A ^ o t i t s 
nont thm mmgrn^tm erm dtaig^slts r « 0 t r i c . 
tmA to « port of the iiattexii l inbs of the gyneliiioriiM* 
the basic nock ^ i c h evicv* out in the « ree 
occur near ifetk«iber« v iX i «ge eoutii^weet of Berbil 
on the BacbilwBoltfii zo«d« fhe m k i e raainly 
lo ido l basaltic laEra f iow» of gcey « i d bcoiaiish 
in colour* I t i s f i n e to ni«<Uum grained contains 
abundtfit saysMes of quarts* iayered structure 
tfktf say^doloidal nature of the Xtpri^ point to i t s 
extrusive origin* fhe rock i s holocrystall ine to neroc«» 
rysta l l ine and ctiaracteriae^ by the ophitic texture* 
The intersertal glass i s of dsip brownish colour charged 
v i th crys ta l l i t es . 
the Stfided Hmatite Jaipur i s very conspicuous 
•Ad consists of inter«b«ided layers of iron oxide, Jaipttr 
and a conbination of the two* the b«fkds are genorally 
irregular in thickness «fid la tera l continttity* She 
si l iceous red jaspery band consists nostly of erypteery* 
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•taiSin* • i l i e « ana th« iton eaiidta ar« ^MMfally 
hmmUtmrn 
ts an^ ttiinly I«iiiiiftt«d ovor 
tsffVt of tliQ I t ie essanUftlly eoii|>o»ra d^ 
i^Ul.«c«oii« md fexnaglootte iiiat«rii40* 
derfi :yp.tehea ^ merngmesB oattde® €»K! 
In tba shalu* Scjoiettoee therm are thin cherty bands 
in ttip shai3.a« 
latarlte ^ i ch ia «ldeapr«ad ovar ^ 
cocks of Iron Qra CewJP* in the ragion* coraacsniy covera 
tfie n i l i al«pea» ie coKtonly fatfigani^esous esidl 
«Pi>«are yeiloiib ^s^^ coioforafi occ tisionally 
raotU^ vith gma fas^fugnioiui laatariad* 
mififtMiaation of naiifitfiaaa ia ronf inea 
aithar to tlie ^ a l a or to tha letarite e^pping thp 
aliala* Aia diatributioii of ttia era ia tba atii^r ^raa 
ia MO^ly erratic ana irregular* both vartieaiiy and 
latarally. Nt«ig«iifaroua laterita at tha aurfaca aarvea 
aa a 9aida to tha ora at dtptli* Tha naiiganaaa ore bodioo 
• m • 
ar« diflpersod thsoughout the ecmtty loek M ma l l 
pockets, velas ixreguler Isodle* of v e x i i ^ e 
diiBenei^e* At « few p i aces the manganese ore i s 
Interlaninpted with shale. Float or nigrl ore, vhieh 
i s hera, massive and apcngy in ct^eariaice, occurs in 
aeaociation of ferruginous and mtfiganiferotas l a t e r i t e 
or latezritic soi l* 
The manganese ores are essmt ia l l y made tp of 
manganese dioscide minerals with their hydr^ted derivativest 
such as p3rrolusite» brrunite* cryptomelease* »t f iganite, 
etc* and the chief impurities are ochres* l iaoniate* 
hematite* goethite* s i l i ca aluminous ingredients^ 
fhe fol loi f ing textures in the manganese ores have been 









Vhm e r » « Ch* tMmdng winarnl m»9m1alttf9$ 
Br#inlt« • fyroliivlt* - fir* 
PyroXusit* - Ctyptmml&nm « brawiit« • e r « 
»yrolualte-erypt«ni«XaiBMali9anitc«90litfiit««or« 
Th* p«r«9eii«t ic ^eqaenctt of the ore AiaereXs has 
also beta detesninttd on the b «a i « of the ir natural 
toetur al r atton • » 
fhe major chmlcai constituente of the host 
roclc# shale, have been dstecHtiaeS end their mutuiA 
relationship have also been established by ^tecmining 
the correlation coe f f i c i en t iridties* 
8ilica# elvnitia soda contents hare a vnisao t^X 
negatiirely sloeifeA frequancy (K) distribution* Titasia* 
Zron« liiaie« Magnesia* potaSh« ntfi^aRese and liOX eoBtants 
h«(ve a uniaodal positirely sketied frequence ()() d istr i -
bttUen vhile phosphorus h«i a biaodal distribution* 
the Major ehsnic^ oonstituents of the host rock* 
shale, have bo«n cen^arod %iith those of saae well«.kno«n 
- iU • 
•hal«8 of sedimentary origin reported in l l t e ratoro . 
The re la t ive pxvportiona of the eaeential inajor 
conatitaents are aoneiihat eoo^arable iiith those found 
in other noxniaX ahalea, with the exe r t i on of iron 
and nafiftfieae, which are higher in the shale of the 
study area* 
jOsout thir ty nitfigtfiese ore aoqples were m^yaed 
f o r ^aDt i ta t i ve and qa^ l t a t i v e detesmination of 
their slOg, ^ i jOj , ttOj, 
/ 
il(i» P^Og «fid t^ 04> contents* fhe choaical ehareeteria** 
t i e s of the ores in req;>ect of the major oxides are 
as f o l l o i ^ i 
Si l ica dominates over alwina* 
Mapaesia dominates over lime* 
ioda dominates over potaeH* 
All gradations are present from high ixoii«4low mafigapeie 
to low iron • high mm9m9m9 ores* 
• i l ica* tUmtlnm, iron, lime* magnesia* eoda* potash 
and t i tania hi^ ve a unimodal pos i t ive ly sliewed frequency 
- 12Sr« 
(%) a i s^ iba t l on . oxide* which h « » « 
wlmodaX i i«gAtlvely tUmmA (%) distributiMi 
i s inversely p»eportion«l to e i l i ca* eXvniliia* watie, i x m , 
t i t en ia mA plioiphorue* 3h« iavcrae rel^tionebip of 
mmgrn^B^ oiciae with eXvninei, s i l i c a and other constitn* 
ents inddcatee that laulk of the naiagajnaaa ores occur 
in the f o m of oxides* 
Thirty ore s«nples« co l lected from thf? study area 
« e re d s o tfi^ysed to determine certain trace elofnents 
vi8s» Ca, m, Co» Hit Cr» Sr, er.d «E>. 
The adsorption of some trace elements was mainly 
inflttcnced by the principal adsorbents l i l te m m g r n w , 
iron« clays* etc* mo^ mA m (OK)^ sols and gals 
being negativ«;iv charged* readily adsorb cations present 
in th€ solution* thus the deposition o f certain elenents 
appears to be control led pr taar i ly by a^faioxption on the 
precipitat ing oxides* 
A coi^^arison of certain trace element constituents 
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of the or «s of the study area with those 
of mang«ii«ss orss of knoMn gmmtic types sugg«'8t9 
th«»t source the fozmcar ore i s basic Ron* 
voiei*noge!»ie« «9 the ore of the study fivmt» ia ch;°reeteri«> 
sticaXIy low in Cu« fn, Or* tto imd v contents* 
ty^es o£ Qensenese o r e j tliat occur In the 
aree ere gxou|>ed as fol lows t 
i l l PriBmry ore (2) secondary ore XfSteritoid ore* 
fhe primary ore* Which i s coii|»osed of braimite 
pycolusite dRd generally interbedded with the country 
rocle« seens to h«7e been derived from some pre«-existing 
ncng^ese ores or ig ins l l y associated with the country 
rocH (tniale)* fhe original primary nature of the 
ore has been considerably obl i terated as a result of 
solution* trtf i fportatiMi tnd redsposition by meteoric 
waters through the si|^erg«M processes of nplaicement 
and enrichraent* 
The bulk of the mtfigtfiese ores of the study 
area i s secondary. They hgre large ly been fomed 
- irf • 
from the « « rXier dlsscainated o r * in the host rock 
by the processes of secondary snrichtent In the aone 
of f>xl<?atl(»i« Me l^r i e waters ^fpesrs to hafvo pliCfed 
e leading ro le in the ffiobillsatioiif enrichment uta 
concentration of nitfiQaoese under normal pressure and 
toaperature conditions* Vtm rede|>osition an<l concesnt* 
ration have largely talcen place frora the col lo idal state 
or true soluticm in m oxidiaing cmvircnknent* 
fhe ores «<hich are associated with 
l a t e r i t e and occur « s irregular and erratic lenses 
tfkd pockets of variable sises# are regarded as l a t e r * 
i t o id ore* The ore i s usually caii^sed of pyrolusite 
cryptoraelene an^ 
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